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INTRODUCTION 


This  Appendix  provides  descriptive  material  about  the 
Blackstone  River  Basin  and  will  serve  as  a  background  for  later 
presentation  of  flood  management  problems. 

The  Blackstone  River  Basin  constitutes  the  major  portion  of 
the  Providence  River  watershed,  one  of  the  five  segments  forming 
the  Pawtucatuck  River  -  Narragansett  Bay  Drainage  Basins  (PNB) 
Study  area  which  lies  within  southeastern  Massachusetts,  most  of 
Rhode  Island,  and  extreme  southeastern  Connecticut*  The 
Blackstone  River  study  area  includes  all  of  the  Blackstone  River 
tributaries  in  the  vicinity  of  Worcester,  Massachusetts  to  the 
estuary  at  Pawtucket,  Providence  and  East  Providence,  Rhode 
Island,  but  excludes  the  Ten  Mile  subbasin  at  the  southeastern 
limits  of  the  Blackstone  River  Basin  (see  Plate  1-1)* 

This  report  is  based  on  information  relative  to  rainfall, 
runoff,  historical  flood  heights  and  other  technical  data  bearing 
upon  the  frequency  and  size  of  floods  in  the  study  area* 

Residents  along  the  river  have  been  interviewed  and  newspaper 
files  and  historical  documents  have  been  searched  for  information 
concerning  past  floods*  From  these  investigations  and  from 
studies  of  possible  future  floods  on  the  Blackstone  River,  the 
local  flood  situation,  both  past  and  future,  has  developed. 

Two  phases  of  the  flood  situation  along  the  river  are  covered 
in  this  report*  The  first  presents  a  record  of  the  largest  known 
historic  floods  in  the  area.  The  second  presents  probable  flood 
levels  in  the  event  of  a  recurrence  of  the  historic  floods  or  an 
occurrence  of  an  Intermediate  Regional  Flood,  or  a  Standard 
Project  Flood. 

Appropriate  consideration  should  be  given  to  the  possible 
future  occurrence  of  historic  floods,  the  Intermediate  Regional 
Flood,  and  the  Standard  Project  Flood  when  development  in  the 
flood  plains  of  the  lower  Blackstone  River  are  desired. 

Maps,  profiles,  and  cross  sections  which  show  the  extent  of 
flooding  that  has  been  experienced  and  that  which  might  occur  in 
the  future  in  the  Blackstone  River  areas  are  included  in  this 
report*  tfrom  the  profiles  and  cross  sections,  the  probable  depth 
of  flooding  at  any  location  in  the  study  area  may  be  obtained. 

With  this  information  floor  levels  for  buildings  may  be  planned 
high  enough  to  avoid  flood  damage  or,  at  lower  elevations,  the 
chance,  and  hazards  of  flooding  may  be  recognized. 
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The  New  England  Dlvlelon  of  the  Corps  of  Engineers  will,  upon 
request,  provide  technical  assistance  to  Federal,  State  and  local 
agencies  In  the  use  of  the  Information  contained  herein  and  will 
provide  other  available  data  for  flood  plain  management  and  use. 

Background  Information  concerning  the  authorization  of  this 
study  and  a  description  of  its  nature  are  presented  here  as  a 
useful  Introduction  to  the  contents  and  findings  of  this  report. 


PURPOSE  AND  AUTHORITY 

The  purpose  of  this  study  Is  to  determine  the  advisability 
and  feasibility  of  a  flood  management  and  related  water  resources 
plan  for  the  Blackstone  River  Basin. 

The  determination  that  such  a  plan  Is  desirable  was  made  with 
factual  information  on  past  and  potential  floods  and  by  developing 
and  recommending  a  set  of  alternative  solutions  which  appear  to  be 
economically  feasible  and  to  merit  further  detailed 
investigations.  By  using  this  basic  data,  an  applied  judgment  was 
made  as  to  degree  of  protection  needed  and  probability  of 
engineering,  economic,  social  and  environmental  feasibility. 
Individual  study  elements  were  either  recommended  for  further 
analysis  or  found  to  be  unwarranted  and  eliminated. 

Recommendations  of  this  study  are  presented  in  the  main  report. 

This  report  is  submitted  in  partial  compliance  with  seven 
Congressional  resolutions,  combined  under  one  resolve  adopted  by 
the  Committee  on  Public  Works  of  the  United  States  Senate.  These 
resolutions  authorized  the  Pawcatuck  River  and  Narragansett  Bay 
Drainage  Basins  (PNB)  Study,  which  includes  the  Blackstone  River 
Basin.  The  following  are  the  resolutions  that  pertain  to  the 
Blackstone  River  Basin: 

Resolution  adopted  on  29  March  1968  by  the  Committee  on 
Public  Works  of  the  United  States  Senate: 


"That  the  Board  of  Engineers  for  River  and  Harbor, 
created  under  Section  3  of  the  River  and  Harbor  Act 
approved  June  13,  1902,  be,  and  is  hereby  requested  to 
review  the  report  on  Land  and  Water  Resources  of  the 
New  England  -  New  York  Region,  transmitted  to  the 
President  of  the  United  States  by  the  Secretary  of  the 
Army  on  April  27,  1956,  and  subsequently  published  as 
Senate  Document  Numbered  14,  Eight-fifth  Congress, 
with  a  view  to  determining,  in  light  of  the  heavy 
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damages  suffered  during  the  storm  of  March  1968,  in 
southern  New  England,  the  advisability  of 
improvements,  particularly  in  the  Pavcatuck  River 
Basin,  Rhode  Island  and  in  the  Narragansett  Bay 
Drainage  Basin,  Massachusetts  and  Rhode  Island,  in  the 
interest  of  flood  control,  navigation,  water  supply, 
water  quality  control,  recreation,  low-flow 
augmentation,  and  other  allied  water  uses." 


Resolution  adopted  on  10  July  1968  by  the  Committee  on  Public 
Works  of  the  House  of  Representatives. 


"That  the  Board  of  Engineers  for  River  and  Harbor  is 
hereby  requested  to  review  the  reports  on  the  Land  and 
Water  Resources  of  the  New  England  -  New  York  Region, 
transmitted  to  the  President  of  the  United  States  by 
the  Secretary  of  the  Army  on  April  27,  1956,  and 
subsequently  published  as  Senate  Document  Numbered  14, 
Eighty-fifth  Congress,  with  a  view  to  determining,  in 
light  of  the  heavy  damages  suffered  during  the  storm 
of  March  1968,  in  southern  New  England,  the 
advisability  of  improvements,  particularly  in  the 
Pawcatuck  River  Basin,  Rhode  Island  and  in  the 
Narragansett  Bay  Drainage  Basin,  Massachusetts  and 
Rhode  Island,  in  the  Interest  of  flood  control, 
navigation,  water  supply,  water  quality  control, 
recreation,  low-flow  augmentation,  and  other  allied 
water  uses." 


Resolution  adopted  on  8  May  1967  by  the  Committee  on  Public 
Works  of  the  United  States  Senate. 


"That  the  Board  of  Engineers  for  River  and  Harbor, 
created  under  Section  3  of  the  River  and  Harbor  Act 
approved  June  13,  1902,  be,  and  is  hereby  requested  to 
review  the  report  of  the  Chief  of  Engineers  on 
Blackstone  River,  Massachusetts  and  Rhode  Island, 
published  as  House  Document  Numbered  624,  Seventy- 
eighth  Congress,  and  other  pertinent  reports,  with  a 
view  to  determining  whether  any  modifications  of  the 
recommendations  contained  therein  are  advisable  at 
this  time,  in  the  interest  of  flood  control  and  allied 
purposes." 
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Objectives  -  The  basic  objective  of  the  PNB  Study  is  to  determine 
the  advisability  of  improvements  for  flood  control,  navigation  and 
other  allied  purposes  to  meet  present  and  foreseeable  long  term 
needs  within  the  study  area*  The  specific  objective  of  the 
Blackstone  River  Watershed  Study  is  to  provide  an  implementable 
flood  control  plan  for  areas  suffering  severe  flood  damages.  To 
do  this,  the  study  used  a  comprehensive  approach  to  the  problems 
and  needs  of  the  watershed.  The  resultant  plan  is  intended  as  a 
wise  utilization  of  basin  water  and  related  land  resources. 

This  goal  can  be  attained  by  reflecting  society's  informed 
preferences  for  attainment  of  two  broad  study  objectives,  as 
established  by  the  U.S.  Water  Resources  Council. 

Environmental  Quality  (EQ).  This  objective  seeks  to  enhance 
the  quality  of  the  environment  through  the  management, 
conservation,  preservation,  creation,  restoration,  or  improvement 
of  the  quality  of  certain  natural  and  cultural  resources  and 
ecological  systems. 

National  Economic  Development  (NED).  This  objective  seeks  to 
increase  the  value  of  the  output  of  goods  and  services  and  improve 
economic  efficiency. 

For  this  particular  report  of  Flood  Damage  Reduction,  the 
planning  objective  is: 

To  minimize  tidal  and  riverine  flood  damages  in 
environmentally,  economically  and  socially  acceptable  ways. 

To  meet  this  objective,  alternatives  were  formulated  and 
evaluated  in  terms  of  environmental,  economic  and  social  criteria. 
Three  plans  were  developed. 

Facilities  are  not  to  be  built  on  the  flood  plain  unless  they 
are  either  elevated  above  the  100-year  floodstage  or  are 
floodproofed  to  this  elevation. 

The  Blackstone  Canal  and  Old  Slater  Mill  are  recorded  in  the 
National  Register  of  Historic  Places  and  these  sites  were  regarded 
as  sensitive  areas  when  flood  control  alternatives  were  being 
considered. 
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Alternatives  -  To  meet  the  objective  —  of  minimizing  damages  — 
five  broad  alternative  approaches  are  available:  (1)  reduce  the 
extent  and  frequency  of  the  flooding,  (2)  minimize  the  damages 
that  will  still  occur,  (3)  reduce  the  damage  potential  by 
limiting  development  in  locations  susceptible  to  flooding,  (4) 
accept  the  remaining  damage  as  being  beyond  practicable  reduction, 
and  (5)  mitigate  the  suffering  from  the  damage  accepted. 

Within  these  broad  alternatives,  a  large  number  of  specific 
alternative  measures  are  listed  in  Table  1-1,  Measures  1-c,  1-d 
and  1-e  in  the  table  are  Implemented  by  large  specific  projects. 
The  remaining  alternatives  are  essentially  policy  measures 
applicable  almost  everywhere.  Most  entries  are  self-explanatory. 
Description  and  discussion  of  each  are  deferred  briefly  to  the 
next  section  so  that  they  can  be  interpreted  along  with  the 
evaluation. 


TABU.  1-1  ALTERNATIVE  FLOOD  REDUCTION  MEASURES 

L  REDUCE  THE  FLOODING 

a.  Modify  hurricanes 

b.  Control  the  land  runoff 

(1)  By  had  treatment 

(2)  By  conservation  meaaurea  (e.g.  wetlands) 

c.  Impound  the  flood  waters  (e.g.  single  It  multipurpose  reservoirs) 

d.  Improve  the  channel  capacity 

(1)  By  channel  deepening,  widening  and  realigning 

(2)  By  removing  natural  and  man-made  obstacles 
o.  Confine  the  flow  (e.g.  dikes,  flood  walls  and  levees) 

2.  MINIMIZE  DAMAGES  FROM  THE  FLOODING 

a.  Flood  proof- -voluntarily 

k,  Flood  proof-- mandatorily 

c.  Forecast,  warn  and  evacuate 

3.  CONTROL  DEVELOPMENT  IN  THE  FLOOD  PLAIN 

a.  Public  policy  inducements 

(1)  Change  current  usage 

(a)  By  multipurpose  acquisition 

(b)  By  compensable  regulations 

(2)  Change  future  usage 

(a)  By  educational  policy 

L  Guidelines  on  priority  uses  of  flood  plains 
2.  Flood  plain  delineation,  mapping  and  description 
L  Warning  signs 

(b)  By  financial  policy 

1.  Current  use  tax 

2.  Tax  adjustments 

3.  Graduated  mortgage  rates 

(c)  By  application  of  other  public  programs 

2,  Location  of  utilities,  roads  and  other  public  services 

2.  Land  use  policies 

a.  Planned  unit  development  and  cluster  saning 

b.  Density  transfer 

c.  Wetlands  protection  laws 

d.  Open  space  goals 

e.  Other  developmental  policies  and  programs 

3.  Health  regulations 

b.  Regulate  land  use 

(1)  By  encroachment  lines  (including  channel  and  harbor  lines) 

(2)  By  saning 

(3)  By  subdivision  regulations 

(4)  By  permits  (zoning  board  of  appeals)  to  (1),  (2)  and  (3)  above 

(5)  By  acquiring  development  rights  in  conjunction  with  regulations 

c.  Directly  acquire  flood  prone  land 

(1)  By  acquisition  of  development  rights 

(2)  By  acquisition  with  flood  damage  reduction  as  primary  objective 

(3)  By  permanent  evacuation  and  urban  renewal 

4.  ACCEPT  THE  DAMAGE 

3.  MITIGATE  SUFFERING  FROM  DAMAGE  ACCEPTED 

a.  Insure 

(1)  By  voluntary  subsidized  programs  (HUD) 

(a)  Emergency  program 

(b)  Regular  program 

(2)  By  voluntary  non-subsidised  program  (not  feasible) 

(3)  By  mandatory  subsidised  program 

(4)  By  mandatory  non- subsidized  progtam 

b.  Assist  la  emergencies  (rescue  and  aid) 
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SCOPE  OF  THE  STUDY 


The  studies  presented  In  this  report  encompass  the  entire 
Blackstone  River  Basin  and  address  water  resources  problems  and 
the  potential  for  solving  them*  Following  completion  of  the 
hydrologic  and  economic  analyses,  all  reasonable  alternative  plans 
to  solve  the  area's  water  resources  problems  were  considered;  and 
several  plans  were  studied  in  detail  that  Included  cost  and 
benefit  estimates.  Selection  of  the  most  feasible  plan  was  made 
after  considering  all  factors,  including  comments  expressed  by 
concerned  agencies,  the  State  of  Rhode  Island  and  local  interests. 
The  studies  were  developed  only  to  the  depth  and  detail  needed  to 
select  a  plan  and  determine  its  feasibility.  A  map  showing  the 
relationship  of  the  Blackstone  River  Basin  and  the  PNB  study  area 
is  indicated  on  Plate  1-1. 

STUDY  PARTICIPANTS  AND  COORDINATION 

The  Corps  of  Engineers  had  the  principal  responsibility  for 
conducting  and  coordinating  the  study  and  the  plan  formulation, 
consolidating  information  from  studies  of  other  agencies  and 
preparing  the  report. 

These  studies  and  investigations  were  performed  with  the 
assistance  of  the  following  participating  agencies: 

U.S.  Department  of  Interior  (Fish  and  Wildlife  Service) 

U.S.  Department  of  Agriculture  (Soil  Conservation  Service) 

U.S.  Department  of  Commerce  (National  Weather  Service) 

U.S.  Department  of  Housing  and  Urban  Development 

U.S.  Department  of  Interior  (Geologic  Survey  Branch) 

Effects  of  the  study  alternatives  concerning  fish  and 
wildlife  were  analyzed  by  the  U.S.  Fish  and  Wildlife  Service. 

All  studies  were  coordinated  with  the  appropriate  agencies 
including  but  not  limited  to  the  following: 

Federal  Level 

U.S.  Environmental  Protection  Agency 

U.S.  Department  of  Health,  Education  and  Welfare  (Public 
Health  Service) 

U.S.  Departmnent  of  Commerce  (National  Marine  Fisheries 
Service) 

U.S.  Department  of  the  Interior  (Heritage  Conservation  end 
Recreation  Service) 
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State  and  Regional  Level  ^  Rhode  la land 

Statewide  Planning  Office 
Historical  Preservation  Commission 
Water  Resources  Board 
Department  of  Health 

Department  of  Natural  Resources  (Division  of  Fish  and 
Wildlife) 

Blackstone  Valley  Sewer  District  Commission 

State  and  Regional  Level  -  Massachusetts 

Central  Massachusetts  Regional  Planning  Commission 
Department  of  Environmental  Quality  Engineering  (Division  of 
Waterways) 

Department  of  Environmental  Management  (Division  of  Water 
Resources) 

Local  Level 

City  of  Woonsocket,  Rhode  Island 
City  of  Central  Falls,  Rhode  Island 
City  of  Pawtucket,  Rhode  Island 
Town  of  Cumberland,  Rhode  Island 
Town  of  Lincoln,  Rhode  Island 

Cumberland,  Rhode  Island  Conservation  Commission 
Lincoln,  Rhode  Island  Conservation  Commission 

Private  Groups 

Audubon  Society 

Cumberland  Preservation  Society 
Blackstone  River  Watershed  Association 
Sierra  Club 

Pawtucket  -  Blackstone  Valley  Chamber  of  Commerce 
Canal,  Inc. 

Coordination  procedures  Included  Informal  meetings  to  discuss 
alternative  plans  considered  or  to  be  considered,  review  of  and 
comments  on  the  preliminary  draft  environmental  statement  for  the 
selected  plan,  and  participation  in  formal  public  meetings. 

Initial  public  meetings  were  held  on  12  May  1969  in 
Providence,  Rhode  Island  and  on  15  May  1969  in  Uxbridge, 
Massachusetts  to  give  local  residents  an  opportunity  to  express 
their  ideas  and  to  comment  on  possible  plans  that  could  be 
considered.  Since  that  time,  numerous  informal  meetings  have  been 
held  with  various  Federal,  State,  county  and  local  Interests.  A 
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final  public  meeting  for  the  Bleckstone  River  Basin  was  held  on 
December  7,  1978. 

THE  REPORT 

For  clarity  of  presentation  and  reference,  this  report  has 
been  arranged  into  two  parts:  a  main  report  and  eight  appendices. 

The  Main  Report  is  a  nontechnical  presentation  of  the 
feasibility  studies  for  flood  and  associated  water  resources 
problems  in  the  Blackstone  River  Basin.  Included  are  a 
description  of  the  study  area  and  existing  Improvements;  problems 
being  experienced  and  the  need  for  additional  protective  measures; 
formulation  of  the  most  suitable  plan  for  meeting  the  need;  a 
summary  of  the  project  economics  listing  the  benefits,  costs  and 
justification;  a  division  of  plan  responsibilities  between  Federal 
and  non-Federal  interests;  and  recommendations  for  implementing 
the  selected  plan. 

The  technical  appendices  follow  the  same  general  outline  as 
the  formulation  and  evaluation  portion  of  the  main  report,  yet 
provide  complete  technical  detail  on  the  conduct  findings  and 
proposed  solutions  of  the  study. 

PRIOR  STUDIES  AND  REPORTS 

NEKYIAC  Report  -  A  report  by  the  New  England  -  New  York 
Interagency  Committee  (NENYIAC)  was  prepared  in  the  early  1950's. 
It  considers  all  aspects  of  the  land  and  water  resources  of  the 
New  England  -  New  York  region.  Chapter  XVII,  "Narragansett  Bay 
Drainage  Basin,"  covers  the  problem  of  flood  control  and 
Interrelated  water  resources  problems.  It  is  stated  that 
reduction  of  flood  damages  could  be  obtained  by  a  flood 
forecasting  and  warning  service  coupled  with  local  plans  for 
protective  measures  to  be  taken  on  the  basis  of  such  forecasting 
and  warning. 

N.E.  Flood  Studies  Report  -  A  June  1963  report  was  prepared  by  the 
U.S.  Army  Corps  of  Engineers  to  review  flood  control  in  the  Basin. 
It  considers  various  methods  of  further  reducing  flood  losses  in 
the  basin  over  and  above  those  losses  eliminated  by  the  West  Hill 
Dam  and  the  Worcester  and  Woonsocket  Local  Protection  Projects. 
These  measures  include  flood  plain  zoning,  structural  modification 
and  floodproofing  of  buildings. 

Report  of  Study  -  Blackstone  River  -  This  report  was  published  in 
November  1965  by  the  Massachusetts  Department  of  Public  Works, 
Division  of  Waterways  and  was  prepared  by  Whitman  and  Howard,  Inc. 
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The  purpose  of  this  study  was  to  determine  the  condition  end 
capacity  of  the  existing  streaobed,  bridges  and  dams  of  the 
Blackstone  River  in  Massachusetts*  The  study  includes  a  general 
description  of  the  area  and  a  hydrologic  analysis  of  the  watershed 
plus  recommendations  for  the  reconstruction  and/or  removal  of 
bridges,  dams  and  the  stream  channel* 

Master  Manual  of  Reservoir  Regulations  -  This  report  was  published 
in  June  1966.  It  presents  hydrological  data  for  the  watershed  and 
describes  the  coordinated  plan  of  development  for  the  basin,  which 
consists  of  a  flood  control  dam  on  the  West  River  as  well  as  local 
protection  projects.  Also  presented  are  procedures  for  regulating 
the  Blackstone  River  protective  works.  The  report  discusses  the 
Impact  that  regulating  the  discharges  from  the  West  Hill  Reservoir 
would  have  on  the  profiles  of  the  1955  and  Standard  Project 
Floods. 

Flood  of  March  1968  in  Eastern  Massachusetts  and  Rhode  Island  - 
This  report  was  published  by  the  U.S.  Geological  Survey.  Its 
objective  was  to  present  floodflow  data  that  could  be  used  by 
engineers,  planners,  public  officials  and  others  in  conducting 
hydrologic  evaluation  of  the  flood  of  March  1968. 

Flood  Plain  Information  Reports  -  Developed  and  published  by  the 
New  England  Division,  Army  Corps  of  Engineers,  these  reports 
assist  State  and  local  governments  in  developing  effective  flood 
plain  management  programs.  The  information  is  developed  for  the 
use  of  planning  groups,  zoning  boards,  private  citizens, 
engineering  and  planning  firms,  real  estate  and  industrial 
developers  and  others  to  whom  it  would  be  valuable.  Topics 
treated  In  the  reports  Include  identification  and  mappings  of 
areas  subject  to  flooding,  compilations  of  hydrologic  flood 
frequency  and  flood  damage  information.  General  criteria  on  flood 
plain  use  are  established  to  aid  State  and  local  agencies  in 
developing  land  use  plans  and  regulating  the  use  of  flood  plain 
areas.  Three  reports  have  been  completed  for  communities  in  the 
study  area.  The  first  was  published  in  June  1971  for  Cumberland, 
Lincoln,  Central  Falls  and  Pawtucket,  Rhode  Island,  and  the  second 
was  written  for  the  town  of  Auburn,  Massachusetts  in  October  1972. 
A  third  report,  published  in  August  1973,  was  developed  for  the 
town  of  Lincoln,  Rhode  Island. 

Planning  Aid  Report  on  Climatology  and  Hydrology  -  A  September 
1972  report  for  the  Southeastern  New  England  Study  of  Water  and 
Related  Land  Resources  was  published  by  the  Corps  of  Engineers. 
This  report  presents  climatologic  and  hydrologic  data  pertinent  to 
southeastern  New  England.  Included  are  sections  covering 
climatologic  streamflow,  peak  discharge  frequencies,  analysis  of 
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rainfall,  drought  studies  and  storage-yield  relationships. 

Reconnaissance  Report  of  the  Pr ovidence  River  Group  -  A  published 
report  of  the  Providence  River  group,  of  which  the  Blackstone  and 
Seekonk  Rivers  are  a  sagaent,  was  coapleted  in  October  1972  by  the 
New  England  Division,  Corps  of  Engineers.  The  river  group 
Includes  the  Woonasquatucket  and  Mosshassuck  watersheds  in 
addition  to  the  Blackstone  and  Seekonk  areas.  It  presents  the 
findings  of  a  preliminary  analysis  of  field  reconnaissance  and 
states  that  certain  communities  within  the  total  study  area  have 
suffered  in  varying  degrees  from  destructive  floods  during  the 
past  two  centuries.  The  report  concluded  that  population  growth 
and  urbanization  in  the  Providence  River  Group  watershed  have 
magnified  land  development  problems  in  the  suburban  fringe  areas 
of  the  core  cities.  There  are  many  possible  solutions  for 
minimizing  future  flood  losses  in  the  Providence  River  Group 
watershed;  however,  preliminary  analysis  indicates  that  only  the 
few  singularly  oriented  toward  flood  control  might  be  economically 
feasible.  The  most  viable  solutions  were  considered  to  be 
multiple  purpose  structural  measures,  together  with  a  strong 
nonatructural  measurement  program. 

Site  Preservation  for  Water  Resources  Project  -  Published  in 
January  1973  by  the  New  England  Division,  Army  Corps  of  Engineers, 
this  report  was  prepared  by  Curran  Associates,  Inc.  and  developed 
as  part  of  the  Northeastern  United  States  Water  Supply  Study.  The 
report  had  three  major  objectives;  to  investigate  and  evaluate 
methods  historically  employed  in  preserving  certain  tracts  of  land 
foT  future  water  resource  development  projects;  to  collect  and 
interpret  data  necessary  to  judge  the  effects  of  advance 
acquisition  of  such  land;  and  to  analyze  the  history  and  problems 
of  reservoir  site  preservation  in  the  State  of  Rhode  Island  and 
develop  a  plan  to  overcome  the  problems. 

Flood  Insurance  Studies  -  Prepared  for  the  Federal  Insurance 
Administration  by  other  Government  agencies  and  consultants,  these 
studies  map  eligible  communities  by  risk  zones  and  determine 
Insurance  rates.  The  information  provided  by  the  reports  enables 
subject  communities  to  participate  in  the  National  Flood  Insurance 
Program.  Table  1-2  lists  the  study  area  communities  currently 
enrolled  in  the  Flood  Insurance  Program. 


TABLE  1-2 


FLOOD  PLAIN  MANAGEMENT  STATUS 


Flood 

Status 

Enacted 

Hazard 

of 

Flood  Plain 

Areas 

Flood 

Zoning 

Community 

Identified 

Insurance 

Measure 

RHODE  ISLAND 

Central  Falls 

Yes 

R 

Yes 

Cumberland 

.  Yes 

R 

Yes 

East  Providence 

Yes 

R 

Yes 

Lincoln 

Yes 

R 

Yes 

North  Smlthfield 

Yes 

R 

Yes 

Pawtucket 

Yes 

R 

Yes 

Providence 

Yes 

R 

Yes 

Woonsocket 

Yes 

R 

Yes 

MASSACHUSETTS 

Blackstone 

Yes 

R 

Yes 

Grafton 

Yes 

E 

YeB 

Millbury 

Yes 

R 

Yes 

Millville 

Yes 

E 

No 

Northbrldge 

Yes 

R 

No 

Sutton 

Yes 

E 

No 

Uxbridge 

Yes 

E 

Yes 

Worcester 

Yes 

R 

Yes 

NOTE:  R  »  Regular 

E  -  Emergency 


Southeastern  New  England  (SENE)  Report  -  As  part  of  the  program 
established  by  the  1965  Water  Resources  Planning  Act,  the  U.S. 
Water  Resources  Council  authorized  the  development  of  multiple- 
purpose,  coordinated  plans  for  each  subregion  or  major  river  basin 
in  the  nation*  The  Council  also  authorized  a  comprehensive  level 
B  study  of  the  coastal  basins  of  eastern  Massachusetts,  Rhode 
Island  and  the  southeastern  corner  of  Connecticut.  Under  the 
direction  of  the  Nev  England  River  Basins  Commission,  a  Federal- 
State  study  team  evaluated  existing,  1990  and  2020  needs  in  the 
SENE  area  (including  all  of  the  PNB  area).  The  team  concentrated 
on  water  supply,  water  quality,  recreation,  marine  management, 
flooding  and  erosion,  minerals  extraction  and  the  siting  of 
electrical  power  and  petroleum  facilities.  Their  report  to  the 
Water  Resources  Council,  submitted  in  March  1976,  states  that 
while  continuing  urban  growth  in  the  SENE  area  can  be 
accommodated,  it  should  be  guided  to  protect  fragile  resources  and 
make  development  more  efficient. 

The  SENE  Study  efforts  were  closely  coordinated  with  those  of 
the  PNB  Study.  The  SENE  Study  recognized  that  specific,  project 
proposals  to  resolve  the  major  flood  problems  in  the  lower  basin 
were  being  evaluated  by  the  PNB  Study.  Therefore,  the  SENE  Study 
team  concentrated  its  recommendations  on  regulatory,  soil 
conservation  and  forestry  measures  that  all  basin  municipalities 
should  adopt  to  reduce  flood  plain  encroachment,  erosion  and 
nonpoint  source  pollution. 

Water  Resources  Development  Study  -  This  report  was  prepared  for 
the  New  England  Division,  Army  Corps  of  Engineers,  by  CE  Maguire, 
Inc.  in  1974.  It  consists  of  three  volumes:  "Hydrology  and 
Hydraulics,"  "Economics,"  and  "Plan  Formulation." 

The  "Hydrology  and  Hydraulics"  report,  published  in  May  19/4, 
describes  the  hydraulics  of  the  Blackstone  River  and  discusses  it;; 
climatology,  streamflow,  flood  frequencies  and  stage  discharge 
relations.  It  includes  a  history  and  analysis  of  floods  on  the 
Blackstone  River. 

The  "Economics"  report,  published  in  October  1974,  presents 
an  overview  of  the  economic  characteristics  of  the  people  involved 
with  the  basin's  resources.  The  rivers  floods  are  then  analyzed 
for  their  impact  on  these  people. 

The  ’*Plan  Formulation"  volume  was  published  in  October  19  74 
and  reviews  the  findings  of  the  other  volumes.  It  then  presents 
various  plans  for  both  local  and  regional  flood  protection. 
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Environmental  Report  -  This  report  was  prepared  for  the  Mew 
England  Division,  Army  Corps  of  Engineers,  by  Parsons, 

Brlnckerhoff ,  Quade  and  Douglas  In  March  1975*  The  Corps  of 
Engineers  at  that  tine  had  several  flood  control  remedies  under 
consideration  In  the  Blackstone  River  Basin  of  Rhode  Island  and 
Massachusetts.  This  report  presents  a  qualitative  investigation 
of  the  probable  environmental  Impacts  of  those  flood  control 
projects. 

Mater  Quality  Management  Plans  -  Mater  Quality  Management  plans 
were  prepared  by  the  Commonwealth  of  Massachusetts  (April  1975) 
and  the  Rhode  Island  Statewide  Planning  Program  (January  1976)  for 
their  respective  reaches  of  the  Blackstone  River.  These  reports 
were  developed  as  part  of  the  requirement  of  Section  303(e)  of  the 
1972  Federal  Mater  Pollution  Control  Act,  as  amended.  The  purpose 
of  these  plans  la  to  establish  a  framework  of  pollution  abatement 
actions.  Mhen  Implemented  through  appropriate  wastewater 
treatment  methods,  water  quality  will  be  greatly  Improved. 


STUDY  AREA 


Study  Area  -  The  entire  PNB  study  area  includes  a  small 
portion  of  Connecticut  (57  square  miles),  a  part  of  Massachusetts 
(1,040  square  miles)  and  nearly  all  of  Rhode  Island  (1,076  square 
miles). 

The  study  area  encompasses  2,173  square  miles,  which  is 
approximately  3.4  percent  of  Mew  England  and  about  15.7  percent  of 
the  three  southern  Mew  England  States.  The  1970  population  within 
the  PMB  area  was  1,732,000,  or  about  14.6  percent  of  Mew  England. 
The  population  densities  of  the  three  States  in  relation  to  the 
rest  of  the  nation  were  as  follows:  Rhode  Island  -  second  with 
905.4  people  per  square  mile;  Massachusetts  -  third  with  727 
people  per  square  mile;  and  Connecticut  -  fourth  with  623.7  people 
per  square  mile  as  compared  to  the  average  population  density  of 
57.5  for  the  entire  United  States. 

The  study  area  is  hydrologlcally  divided  into  five  major 
watersheds:  namely,  the Pawcatuck  River  (PK);  the  Providence  River 
Group  (PD),  which  is  comprised  of  three  subwatersheds  known  as  the 
Blackstone,  Ten  Mile-Seekonk,  and  the  tri-river  complex  involving 
the  Moonasquatucket-Mo8hassuck-Providence  Rivers;  the  Taunton 
River  (TM);  the  Pawtuxet  River  (PX);  and  the  Narragansett  Bay 
local  drainage  area  (LD) . 
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RESOURCES  AND  ECONOMY  OP  THE  STUDY  AREA* 

Since  84  percent  of  the  Blackstone  River's  length  lies  within 
metropolitan  townships  (according  to  the  1970  U.S.  Census),  the 
river  has  an  Important  influence  upon,  and  is  greatly  influenced 
by,  man  and  man's  creations.  Consequently,  a  general 
understanding  of  the  study  area's  resources,  development  and 
economy  is  essential  to  identifying  flood  related  problems  and 
needs  in  the  area,  and  to  selecting  appropriate  solutions.  The 
following  pages  discuss  environmental,  natural  and  human  resources 
as  well  as  the  area's  development  and  economy. 

EXISTING  CONDITIONS 

Environmental  Setting  and  Natural  Resources  -  Generally  elongated 
in  shape,  the  Blackstone  River  extends  through  south-central 
Massachusetts  and  northern  Rhode  Island.  Covering  382  and  158 
square  miles  of  each  State,  respectively.  It  has  a  total  drainage 
area  of  543  square  miles. 

The  basin  Is  bordered  by  the  Thames  River  Basin  on  the  west 
and  the  Merrimack  River  Basin  on  the  north.  The  Charles  River 
Basin  adjoins  on  the  northeast  while  the  Narragansett  Bay  Drainage 
Area  borders  on  the  south  and  southeast.  About  46  miles  long,  the 
basin  has  an  average  width  of  approximately  12  miles.  It  occupies 
the  southeastern  corner  of  Worcester  County,  the  southwestern 
corner  of  Norfolk  County  and  the  northwestern  corner  of  Bristol 
County  in  Massachusetts.  In  Rhode  Island,  it  lies  in  the  northern 
and  northeastern  portions  of  Providence  County. 

Principal  Rivera  -  The  Blackstone  River  Basin  is  a  region  of 
generally  wooded  hills  and  rolling  countryside.  The  tributaries 
in  the  upper  reaches  of  the  watershed  are  short  and  steep,  while 
those  in  the  lower  reaches  are  relatively  longer.  Thus,  there  is 
a  tendency  for  the  tributary  flows  to  synchronize  with  the  crest 
on  the  main  river,  resulting  in  high  floodflows. 

Originating  at  the  junction  of  the  Middle  River  and  Mill 
Brook  in  the  southern  part  of  Worcester,  Massachusetts,  the 
Blackstone  River  flows  in  a  generally  southeast  direction.  Its 
mouth  is  44  miles  downstream,  at  the  Main  Street  Dam  in  Pawtucket, 
Rhode  Island.  At  this  point  the  river  is  a  tidal  estuary  and 
becomes  the  Seekonk  River.  It  flows  south  for  7  miles,  then  feeds 
into  the  Providence  River  in  Providence,  Rhode  Island. 


*  1980  Population  is  included  in  main  report. 
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There  is  a  total  fall  of  approximately  440  feet  along  the 
Blackstone  River  from  its  source  to  sea  level.  Along  the  reach 
from  Worcester  to  Fisherville,  a  distance  of  about  10  miles,  the 
river  falls  150  feet,  about  15  feet  per  mile.  In  the  next  18 
miles  to  Blackstone,  Massachusetts,  the  average  fall  is  only  about 
5  feet  per  mile.  The  river  valley  in  this  reach  is  broad  and 
flat,  having  a  marked  modifying  effect  on  floods  in  the  basin. 
Downstream  of  Blackstone,  the  river  drops  75  feet  in  3  miles,  then 
flattens  out  to  a  rather  uniform  slope  of  approximately  11  feet 
per  mile  to  the  tidewater. 

The  Blackstone  River,  though  the  largest,  is  not  the  only 
contributor  of  riverine  benefits  and  problems  to  the  watershed. 

The  tributaries,  because  they  run  through  heavily  urbanized  areas 
have  Important  influences  upon  the  population  and  industry  of  the 
basin.  The  succeeding  paragraphs  provide  brief  descriptions  of 
the  major  Blackstone  River  tributaries. 

The  Blackstone  River  headwaters  consist  of  the  Kettle,  Beaver 
and  Mill  Brooks  and  the  Middle  River.  Other  important  tributaries 
are  the  Qulnslgamond,  Mumford,  Branch,  Mill  and  Peters  Rivers  and 
Abbott  Run. 

Kettle  Brook,  located  entirely  in  Massachusetts,  originates 
in  the  town  of  Paxton  and  drains  an  area  of  32.8  square  miles. 

The  brook  flows  southeasterly  through  Leicester  and  Auburn;  then, 
in  Stoneville,  it  turns  north  and  flows  toward  Worcester.  Kettle 
Brook  terminates  at  its  confluence  with  Beaver  Brook,  where 
together  they  form  the  Middle  River.  Included  in  the  Kettle  Brook 
watershed  are  many  reservoirs  providing  water  supply  to  the  city 
of  Worcester,  as  well  as  low  flow  augmentation  for  downstream 
industrial  purposes. 

With  a  total  drainage  area  of  15.6  square  miles,  Beaver  Brook 
originates  near  the  city  of  Worcester's  northern  border.  It  flows 
southward  for  approximately  4.5  miles  before  joining  Kettle  Brook 
to  form  the  Middle  River.  The  Beaver  Brook  watershed  is  densely 
populated  and  has  few  ponds,  lakes  or  reservoirs. 

Mill  Brook  begins  in  the  town  of  Holden,  Massachusetts,  then 
flows  southward  to  its  confluence  with  the  Middle  River  in  the 
southern  portion  of  Worcester,  Massachusetts.  Throughout  most  of 
its  7.5  mile  length,  the  brook  is  enclosed  in  an  underground 
conduit.  The  terrain  along  Mill  Brook's  course  is  very  hilly  and 
heavily  urbanized. 

Flowing  generally  southeasterly  for  a  distance  of  about  2.5 
miles.  Middle  River  passes  through  a  wetland  area  and  two  small 
ponds.  It  intercepts  Mill  Brook  to  form  the  Blackstone  River  at 
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the  American  Steel  and  Wire  Company  Dam  northeast  of  the 
Qulnslgamond  Village  in  Worcester*  The  total  drainage  area  of  the 
Middle  River  Basin  is  65  square  miles* 

The  Qulnslgamond  River  is  approximately  13  miles  long,  8 
miles  of  which  are  a  succession  of  natural  lakes.  The  basin  lies 
in  the  towns  of  Boylston,  West  Boylston,  Shrevsbury,  Grafton, 
Mlllbury  and  the  city  of  Worcester,  all  in  Massachusetts.  The 
Qulnslgamond  River  Basin  drains  an  area  of  37  square  miles. 

Lake  Qulnslgamond,  Flints  Pond  and  Hovey  Pond  are  the  largest 
of  the  lakes  and  have  been  chiefly  responsible  for  the  development 
of  the  watershed*  Areas  along  the  periphery  of  the  lakes  are 
heavily  developed  in  residential  properties. 

The  Mumford  River  rises  from  a  system  of  natural  lakes,  ponds 
and  reservoirs  in  the  towns  of  Oxford,  Douglas  and  Sutton  in 
Massachusetts*  It  then  meanders  eastward  toward  its  confluence 
with  the  Blackstone  River,  about  a  half-mile  east  of  the  center  of 
Oxbridge.  About  17  miles  long,  the  river  has  a  drainage  area  of 
58  square  miles*  Numerous  Impoundments,  used  to  store  process 
water  for  finishing  textile  goods,  can  be  found  throughout  the 
basin*  The  economic  character  of  the  basin  varies  from  rural  in 
the  upper  reaches  to  heavily  industrialized  in  the  lower  portions. 

West  River  originates  in  the  Upton  State  Forest,  three  miles 
northeast  of  the  center  of  Grafton.  Situated  entirely  in 
Massachusetts,  it  flows  southward  through  Upton  and  Northbridge 
until  it  feeds  into  the  Blackstone  River,  about  12  miles 
downstream  from  its  head.  The  total  drainage  area  is  35  square 
miles;  approximately  80  percent  of  this  is  controlled  by  the 
existing  Army  Corps  of  Engineers  West  Hill  flood  control 
reservoir.  This  multipurpose  reservoir  is  used  for  recreation  as 
well  as  for  storage  of  floodwaters.  The  basin  consists  of  low 
rolling  wooded  hills  and  broad  valleys  with  scattered  small  ponds 
and  swampy  areas. 

Branch  River  is  the  largest  tributary  in  the  Blackstone  River 
Basin  with  a  total  drainage  area  of  96  square  miles.  Eighty-seven 
percent  of  the  area  is  in  Rhode  Island  with  the  balance  in 
Massachusetts.  The  Branch  River  comes  into  existence  at  the 
confluence  of  the  Clear  and  Chepachet  Rivers,  in  the  town  of 
Burrillville,  Rhode  Island.  The  river  flows  northeasterly  for 
about  seven  miles  to  its  intersection  with  the  Blackstone  River 
near  Blackstone,  Massachusetts.  The  basin  boasts  many  natural 
lakes  and  ponds.  Manmade  reservoirs,  which  were  originally 
constructed  for  use  by  the  textile  industry,  are  scattered  along 
the  full  length  of  the  river. 
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From  its  source  at  North  Pond,  Mill  River  runs  southerly  for 
IS  miles  through  the  towns  of  Mendon  and  Blackstone, 

Massachusetts.  It  joins  the  Blackstone  River  immediately  above 
the  U.S.  Geological  Survey  gaging  station  No.  1125  at  Woonsocket, 
Rhode  Island.  The  drainage  basin  encompasses  approximately  35 
square  miles,  the  majority  in  Massachusetts.  The  largest 
Impoundment  in  the  basin  is  Harris  Pond  in  the  town  of  Blackstone. 
It  is  one  of  Woonsocket's  main  sources  of  water  supply.  Most  of 
the  Mill  River's  drainage  basin  consists  of  gently  rolling  wooded 
hills. 

Peters  River  originates  in  Bellingham,  Massachusetts,  just 
north  of  Silver  Lake.  It  flows  southwesterly  for  approximately 
3.5  miles  and  then  crosses  the  Massachusetts  -  Rhode  Island  State 
line  at  Woonsocket.  About  a  mile  farther  downstream,  it  joins  the 
Blackstone  River  via  a  pressure  conduit  at  the  lower  Woonsocket 
local  protection  project. 

Characterized  by  many  swamps  and  ponds,  Abbott  Run  flows  from 
the  towns  of  Wrentham  and  Cumberland  along  the  Massachusetts  - 
Rhode  Island  border.  Near  its  origin,  it  is  impounded  in  the 
Diamond  Hill  Reservoir  which  supplies  water  to  the  city  of 
Pawtucket,  Rhode  Island.  The  run  then  flows  southward,  joining 
the  Blackstone  River  in  the  village  of  Valley  Falls,  Rhode  Island. 
Abbott  Run  has  a  drainage  area  of  27  square  miles. 

Climate  -  New  England's  climate  is  aptly  described  by  the  adage, 
"If  you  don't  like  the  weather  wait  a  miniute,  it'll  change."  The 
weather  of  the  Blackstone  River  Basin  is  characterized  by  this 
same  variability,  with  frequently  alternating  periods  of 
precipitation  and  fair  weather.  The  basin  winds  are  dominated  by 
the  general  airflow  known  as  the  "prevailing  westerlies-"  It  Is 
visited  by  continental  cyclones  and  by  coastal  storms  of  both 
tfopical  and  extra-tropical  origin.  Thunderstorms  occur  over  the 
basin  during  all  seasons  and  may  be  of  local  or  frontal  nature. 

The  year-round  average  temperature  of  the  Blackstone  River 
Basin  Is  approximately  48. 7°F  (averaging  the  values  of  47.0°F  at 
Worcester,  Massachusetts  and  50.5°F  at  Providence,  Rhode  Island).* 
Monthly  mean  temperatures  in  Worcester  vary  widely  between  24.0°F 
in  January  and  70.0°F  in  July.  Providence,  Rhode  Island  is  also 


*The  numerical  information  presented  in  this  climatology  is  based  on 
data  for  the  period  1935  -  1974,  published  in  the  National  Weather 
Service  publication.  Local  Climatological  Data,  Annual  Summary ,  1974, 
Worcester,  MA  and  Local  Climatological  Data  Annual  Summary,  1974. 
Providence,  RI . 
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changeable,  with  a  minimum  of  29.  2°F  in  February  and  a  maximum  of 
72.7®F  in  July.  Extremes  above  100°F  and  below  0°F  are 
occasionally,  though  rarely,  experienced.  Mean  monthly 
temperature  values  are  available  for  Worcester  and  Providence  and 
are  presented  in  Table  1-3. 

Snowfall  in  the  Blackstone  River  Basin  averages  from  38 
inches  per  year  In  the  south  to  nearly  75  inches  annually  in  the 
inland  north.  Surveys  conducted  in  recent  years  indicate  that 
annual  water  content  of  the  snowfall  over  the  basin  rarely  exceeds 
three  inches;  however,  values  up  to  six  inches  are  occasionally 
observed  in  the  upper  basin.  Melting  snow  often  results  in 
moderately  high  springtime  discharges,  but  runoff  from  this  source 
alone  seldom  results  in  major  flooding.  It  is  possible,  though, 
for  the  snowmelt  to  combine  with  heavy  rainfall  and  produce  severe 
floods.  Table  1-3  contains  data  on  average  monthly  snowfall. 

Four  general  classes  of  storms  occur  in  the  Blackstone  River 
Basin:  continental,  extra-tropical  coastal,  tropical  coastal  and 
thunderstorms.  Continental  storms  originate  over  the  Pacific 
Ocean  and  western  North  America,  then  move  east,  following  "storm 
tracks"  determined  by  the  jet  stream  and  the  flow  of  the  upper 
level  westerlies.  The  Blackstone  River  Basin  lies  within  the 
convergence  zone  of  these  storm  tracks  and  experiences  continental 
storms  at  approximately  regular  intervals  throughout  the  year. 

Extra-tropical  coastal  storms,  locally  known  as 
"nor'easters,"  develop  through  atmospheric  wave  action  off  the 
coast  of  the  Carolinas.  The  storms  travel  in  a  northeasterly 
direction,  closely  paralleling  the  coastline.  Nor'easters  combine 
s low  forward  movement  with  a  characteristically  large  rainshield 
to  produce  substantial  precipitation  totals.  These  storms  invade 
the  area  most  frequently  during  the  late  autumn,  winter  and  early 
spring. 

Tropical  coastal  storms  originate  in  the  Caribbean  or  warm 
Gulf  Stream  and  may  intensify  into  hurricanes.  Moving  toward  the 
mainland  in  a  westerly  to  northwesterly  direction,  they  normally 
move  inland  far  to  the  south  of  New  England  and  then  bear  east, 
returning  to  the  Atlantic  Ocean  still  well  south  of  Cape  Cod. 

Under  these  conditions,  tropical  storms  have  little  effect  on  the 
Blackstone  River  Basin.  Occasionally  though,  a  storm  will  be 
deflected  from  a  normal  path  and  pass  over  or  near  New  England 
(see  Figure  1-1).  It  then  becomes  the  basin's  most  serious  severe 
weather  problem.  With  these  tropical  storms  come  very  strong 
winds.  Intense  precipitation  and  abnormally  high,  wind  driven 
tides  known  as  the  "storm  surge."  The  months  of  July  through 
October  present  the  highest  probability  of  tropical  storms  and 
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TABLE  1-3 


MEAN  MONTHLY  TEMPERATURE.  PRECIPITATION  AND  SNOWFALL 
WORCESTER.  MA  AND  PROVIDENCE.  RI 

WORCESTER.  MA  PROVIDENCE.  RI 

Ave.  Ave. 


Mo. 

Temp. 

Precip. 

Snowfall 

Temp. 

Precip. 

Snowfall 

°F 

II 

It 

°F 

It 

tl 

Jan. 

24.0 

3.33 

15.5 

29.3 

3.55 

9.5 

Feb. 

25.2 

3.49 

19.6 

29.2 

3.29 

10.1 

Mar. 

32.7 

4.02 

16.6 

37.6 

3.71 

9.5 

Apr. 

45.0 

4.02 

4.2 

47,6 

3.58 

0.7 

May 

55.3 

3.92 

T 

57.8 

3.16 

0.0 

Jun 

65.0 

3.49 

0.0 

67.0 

2.96 

0.0 

Jul 

70.0 

3.39 

0.0 

72.7 

3.06 

0.0 

Aug 

68.1 

4.34 

0.0 

71.0 

3.58 

0.0 

Sep. 

60.5 

4.14 

0.0 

63.9 

3.33 

0.0 

Oct. 

51.0 

3.80 

0.6 

54.0 

3.02 

0.1 

Nov. 

39.4 

4.71 

3.6 

43.3 

3.70 

0.4 

Dec. 

27.8 

4.37 

14.5 

32.7 

3.84 

7.7 

An 

47.0 

47.02 

74.6 

50.5 

40.78 

38.0 

The  above  was  determined  from  data  for  the  years  1935  -  1974  as 
published  in  the  following  National  Weather  Service  Publications: 

Local  Climatological  Data.  Annual  Summary,  1974,  Worcester.  Mass. 
Local  Climatological  Data.  Annual  Summary,  1974.  Providence.  RI 
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hurricanes 
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Thunderstorms  are  violent  phenomena  with  high  winds  and  heavy 
rainfall  and  are  sometimes  accompanied  by  hall*  The  storms  are 
usually  compact  and  fast-moving,  resulting  In  only  local  flooding 
If  any  at  all*  Widespread  flood  conditions  develop  with  the 
occurrence  of  an  exceptionally  large  or  slow-moving  thunderstorm; 
from  several  storms  occurring  together  In  a  small  area;  or  from  a 
rapid  succession  of  cells  moving  through  the  region* 

Thunderstorms  can  be  of  air  mass  (local)  or  frontal  origin* 
Occurring  an  average  of  20  to  30  days  a  year,  they  are  most 
frequent  from  mid-spring  to  early  fall. 

When  rainfall  is  below  the  monthly  or  yearly  average  for  an 
extended  period  of  time,  the  area  experiences  drought  conditions. 
Droughts  In  the  Blackstone  River  Basin  have  seriously  affected 
both  water  supply  and  riverflow.  The  New  England  drought  of  1963 
-1966  was  the  Blackstone  River  Basin's  longest  drought  In  200 
years  of  record.  The  severity  of  the  drought  conditions  was 
aggravated  by  failure  of  the  towns  and  cities  In  the  basin  to 
adequately  plan  for  Increased  water  demand.  This  laxness 
developed  during  a  period  in  which  the  rapidly  Increasing  water 
demand  was  offset  by  above  normal  rainfall.  The  accumulated 
deficiency  In  the  average  runoff  of  the  Blackstone  River  at 
Woonsocket,  Rhode  Island  was  27  inches  for  the  years  1964-1967. 
This  was  equivalent  to  about  one  year's  normal  runoff* 

Topography  -  The  topography  of  the  Blackstone  River  Is  generally 
hilly,  with  higher  elevation  and  narrower  valleys  In  the  northern 
portion.  The  soli  is  of  glacial  origin  and  the  exposed  rock  is 
mostly  granite.  In  several  places  the  river  has  worn  its  bed  down 
to  ledge  rock,  thereby  creating  a  number  of  natural  falls.  These 
falls  offered  favorable  power  sites  for  manufacturing  towns  and 
villages  along  the  stream;  the  valley  is  also  well  developed  for 
truck  gardening.  The  elevation  of  the  watershed  varies  from  a 
maximum  of  1,395  feet  above  mean  sea  level  in  Paxton, 

Massachusetts  near  Worcester,  to  mean  sea  level  in  Pawtucket,  RI 
at  the  lower  end. 

Geology  -  Sections  of  two  major  physiographic  regions  comprise  the 
Blackstone  Basin.  The  New  England  Upland  Region,  constituting 
more  than  two-thirds  of  the  basin,  is  an  area  of  moderate  relief 
although  it  is  hilly  in  appearance  with  elevations  generally  over 
300  feet  that  range  to  a  maximum  of  over  1,000  feet  above  sea 
level.  To  the  southeast,  the  upland  area  is  bordered  by  the  low 
hills  and  plains  of  the  Narragansett  Bay  Basin  where  elevations 
are  generally  less  than  200  feet  above  sea  level.  Except  for 
modifications  of  topography  by  glaciation  and  by  more  recent 
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erosion  and  depositions  by  streams,  these  physiographic  regions 
will  reflect  the  nature  of  the  underlying  bedrock*  Those  of  the 
upland  region  are  mainly  igneous  in  the  form  of  alternate  bands  of 
granites  with  subordinated  elongated  masses  of  gneiss,  schist, 
phyllite  and  quartzite  representing  various  degrees  of 
metamorphism  of  original  sediments  such  as  sands,  silts  and  clays* 
These  rocks  are  strongly  crystalline  in  character  and  relatively 
resistant  to  erosion  so  that  the  general  direction  of  the  valleys 
and  consequently  the  drainage  over  much  of  this  region  is 
structurally  controlled  by  the  bedrock  formations  which  trend 
about  northeast-southwest*  In  contrast,  the  subdued  topography 
and  consequent  irregular  drainage  patterns  of  the  Narragansett  Bay 
Basin  are  caused  by  less  resistant  sedimentary  rocks  consisting 
mostly  of  shales,  sandstones  and  conglomerates. 

The  present  day  topography  of  the  Blackstone  Basin  was  formed 
by  a  long  period  of  preglacial  stream  erosion  that  dissected  the 
area  into  a  systematic  arrangement  of  rounded  bedrock  hills  and 
intervening  well-drained  valleys*  During  glacial  times,  the 
topography  was  somewhat  modified  by  erosion  and  deposition  of  a 
continental  glacier  similar  to  those  in  Greenland  and  Antarctica 
today*  Moving  southeasterly,  the  glacier  smoothed  off  the 
irregularities  of  the  bedrock  hills  and  deepened  some  of  the 
valleys;  and,  as  it  melted  away,  deposited  an  irregular  mantle  of 
drift  in  the  valleys  and  on  the  slopes  so  that  there  was  a  general 
lessening  of  the  relief.  The  glacial  drift  includes  nearly  all  of 
the  unconsolidated  materials  covering  the  rock  surfaces  today. 
These  materials  may  be  simply  divided  into  two  types,  stratified 
and  unstratified  drift.  The  stratified  materials,  termed  outwash, 
were  deposited  as  separate  layers  of  gravel,  sand,  silt  or  clay 
carried  by  meltwater  streams  flowing  from  the  ice  sheet.  These 
outwash  deposits  have  their  greatest  accumulation  on  the  floors 
and  walls  of  the  larger  valleys  such  as  that  of  the  Blackstone 
River.  The  unstratified  materials,  known  as  "till,"  consist  of 
unsorted  materials  of  all  sizes  accumulated  beneath  the  ice  as  it 
advanced  and  deposited  fragments.  They  are  imbedded  in  a  matrix 
of  sand,  silt  and/or  clay  which,  if  tightly  compacted  by  the 
weight  and  movement  of  the  ice,  become  difficult  to  excavate  and, 
therefore,  may  be  locally  referred  to  as  "hardpan."  Till  has  wide 
distribution  in  the  region,  generally  occurring  as  a  rather  thin 
blanket  over  the  bedrock  surface  with  its  greatest  thickness  in 
some  of  the  valleys. 

Other  than  aiding  in  modification  of  the  preglacial 
topography,  the  extensive  deposits  of  till  and  outwash  have 
disarranged  the  well-developed  system  of  preglacial  drainage. 

This  is  evidenced  by  the  many  swamps  and  ponds  and  by  present  day 
streams  flowing  high  above  or  completely  out  of  sections  of  their 


preglacial  channels,  now  filled  with  glacial  deposits*  At  the 
West  Hill  dam  site  of  the  West  River,  a  tributary  to  the 
Blackstone  In  Massachusetts,  test  borings  show  the  present  river 
valley  Is  located  over  a  much  larger  preglacial  valley  buried  by 
outwash  deposits  nearly  100  feet  deep.  At  locations  on  the 
Blackstone  River,  several  natural  dam  sites  such  as  at  Woonsocket 
were  provided  where  the  river  diverged  from  its  preglacial  course 
to  flow  over  bedrock  ridges,  creating  falls. 

Since  the  last  glacial  period,  there  probably  has  been  slight 
uplift  of  the  region,  some  renewed  erosion  in  the  larger  stream 
valleys  and  filling  in  of  ponds  with  vegetation;  but  the 
topography  of  today  remains  essentially  that  of  the  late 
postglacial  time  of  at  least  12,000  years  ago. 

Mineral  Resources  -  Sand  and  gravel  are  the  only  minerals 
currently  being  mined  in  the  Blackstone  Basin  where  13  sand  and 
gravel  processing  plants  are  active.  These  plants  are  located  in 
Auburn,  Grafton,  Millbury  (2),  Shrewsbury  (2),  Sutton  (2)  and 
Uxbridge,  Massachusetts.  In  the  Rhode  Island  portion  of  the 
basin,  plants  are  located  in  Cumberland  (2)  and  North  Smlthfield 
(2).  Most  of  the  raw  material  for  the  plant  is  obtained  from 
nearby  sources  but  some  is  mined  and  trucked  from  more  distant 
areas  both  inside  and  outside  the  basin.  In  addition,  quantities 
of  sand  and  gravel  are  obtained  from  bank-run  (unprocessed) 
operations. 

Most  of  the  sand  and  gravel  processed  in  the  basin  is  used  in 
ready-mix  concrete  and  hot-mix  asphalt.  Although  stone  is  not 
produced  in  the  basin,  crushed  stone  is  readily  available  from 
operations  located  in  adjacent  areas. 

Glacio- fluvial  deposits  of  stratified  sand  and  gravel  (as 
shown  on  Figure  1-2)  provide  the  raw  material  for  the  processing 
plants.  The  areas  considered  for  inundation  by  the  Nipmuc  and 
Lackey  Reservoirs  generally  fall  within  glacio-f luvial  zones  of 
potential  sand  and  gravel  mining  sources. 

Producers  in  the  basin  have  indicated  that  they  have 
undeveloped  reserves  of  sand  and  gravel  at  additional  sites  both 
within  and  outside  the  basin.  However,  according  to  projections 
prepared  by  the  Bureau  of  Mines*,  available  sand  and  gravel 
resources  in  the  basin  are  not  adequate  to  meet  future  needs. 


*Blackstone,  Ten  Mile  and  Woonasquatucket-Moshassuck  River  Basin  Report 
-  Minerals,  prepared  for  NGRBC  by  the  Bureau  of  Mines,  U.S.  Department 
of  the  Interior,  July  1973. 
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Although  deposits  are  abundant,  many  resource  areas  are  not 
available  for  mining  because  of  zoning,  groundwater  Involvement  or 
use  of  the  land  for  other  purposes.  As  nearby  sources  are 
exhausted,  transportation  costs  Increase  due  to  the  greater 
distances  of  sources  from  processing  plants. 

Ground  Water  -  Till  10  to  20  feet  thick  often  covers  the  bedrock 
in  the  upland  areas.  Several  billion  gallons  of  water  are  stored 
in  porous  voids  in  the  till  layer  and  In  open  fractures  In  the 
upper  few  hundred  feet  of  bedrock.  Wells  typically  yield  between 
2  and  15  gallons  per  minute  (gpm). 

Throughout  most  of  the  Blackstone  Basin,  the  stratif led-drlf t 
aquifer  Is  very  narrow,  averaging  40  feet  thick  or  more  over  an 
average  width  of  less  than  500  feet.  The  thickest  and  most 
transmissive  part  of  the  aquifer  is  beneath  the  river.  Yields  of 
200  gpm  and  greater  are  obtainable  from  many  wells  placed  close  to 
the  river.  The  yield  of  the  stratif led-drlf t  aquifer  Is  dependent 
in  part  upon  the  rate  at  which  Infiltration  can  be  Induced  from 
the  river. 

The  chemical  quality  of  the  groundwater  is  generally  good, 
with  the  exception  of  the  presence  of  high  concentrations  of 
manganese.  Groundwater  is  generally  soft  to  moderately  hard, 
slightly  acidic  and  has  a  low  to  moderate  dissolved-sollds 
content.  The  quality  of  the  groundwater  in  the  Blackstone  River 
Basin  Is  excellent. 

Most  of  the  dissolved  solids  in  the  groundwater  are  derived 
from  soil  and  aquifer  materials.  In  the  Blackstone  River  Basin, 
most  of  the  minerals  in  the  soils  and  subsurface  materials  are 
only  slightly  soluble;  hence,  the  dissolved-solids  content  of  the 
groundwater  is  relatively  low,  generally  less  than  150  milligrams 
per  liter  (mg/1).  Concentrations  of  minerals  in  the  groundwater, 
with  the  exception  of  iron  and  manganese,  are  well  below  limits 
set  by  the  United  States  Public  Health  Service  for  drinking  water. 

The  chemical  quality  of  groundwater  has  been  slightly 
affected  by  septic  tank  and  cesspool  effluent,  fertilizers,  de¬ 
icing  salts  from  highways,  leachate  from  sanitary  landfills  and 
infiltration  from  the  degraded  streams  of  the  basin.  The 
principal  effect  of  these  wastes  has  been  a  slight  increase  in 
hardness  as  well  as  in  chlorides,  sulfates  and  nitrates.  The 
presence  of  high  manganese  concentrations  in  the  groundwater  la 
the  principal  water  quality  problem  in  the  study  area  because  its 
removal  can  be  costly  and  difficult. 


t 
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Water  Supply  -  The  water  supply  systems  located  in  the  Basin  are 
generally  small  in  capacity.  Only  4  of  the  26  systems  can  produce 
more  than  2.0  million  gallons  per  day  (mg d) .  Of  the  26  systems, 

6  operate  in  Rhode  Island  while  the  remainder  serve  Massachusetts. 
Five  of  the  systems  are  privately  owned  and  operated,  while  21  are 
publicly  owned. 

Both  ground  and  surface  sources  are  used  by  Rhode  Island 
municipalities  for  water  supply.  The  city  of  Pawtucket  has  the 
largest  system,  with  an  available  safe  yield  of  20.7  mgd.  The 
only  town  lacking  a  public  water  supply  system  is  Glocester,  which 
obtains  all  of  its  water  from  individual  private  wells. 

Groundwater  is  the  primary  source  of  supply  outside  of  the 
Worcester  area  in  the  Massachusetts  portion  of  the  basin.  The 
largest  surface  water  supply  serves  the  city  of  Worcester  and  has 
a  total  safe  yield  of  32.5  mgd.  It  consists  of  a  series  of 
reservoirs  in  the  Quinapoxet  River  Basin  in  Princeton  and  Holden 
and  two  wells  adjacent  to  Lake  Qumsigamond .  The  town  of 
Millville  is  the  only  municipality  in  the  basin  in  Massachusetts 
not  served  by  a  public  water  supply  system,  relying  instead  on 
individual  wells  for  supply. 

In  1970,  approximately  57  mgd,  from  both  ground  and  surface 
sources,  were  supplied  to  users  in  the  Blackstone  River  Basin,  with 
23  mgd  going  to  Rhode  Island  and  34  mgd  serving  Massachusetts. 

A  summary  of  the  sources  of  water  supply  in  each  of  the  towns 

in  the  Blackstone  Basin  is  shown  in  Table  1-3.  The  existing  water 

supply  systems  of  the  Blackstone  Basin  in  Rhode  Island  and 

Massachusetts  are  shown  in  Tables  1-4  and  1-5  respectively. 

Water  Quality  -  The  existing  surface  water  quality  in  the 
Blackstone  River  Basin  ranges  from  Class  A  (suitable  for  all  uses 
including  water  supply)  in  Abbott  Run,  to  Class  E  (nuisance 
condition)  in  the  upper,  more  heavily  developed  reach »s. 

The  Blackstone  River  is  the  recipient  of  large  amounts  of 
treated  and  raw  domestic  and  industrial  sewage.  The  riverwater  in 
many  reaches  is  characterized  by  offensive  tastes  and  odors,  high 
turbidity,  high  concentrations  of  suspended  and  organic  material 
and  high  bacterial  counts  as  well  as  low  dissolved  oxygen  (DO) 
levels.  With  this  large  initial  load  of  pollutants,  and  with  many 
municipal  and  industrial  waste  loads  added  by  towns  along  its 
course,  the  Blackstone  River  is  considered  less  than  "C"  quality 
in  many  reaches. 

Some  wastewater  treatment  plants  were  built  in  the  Blackstone 
River  Basin  when  the  area  was  experiencing  rapid  industrial  growth 
during  the  1920's.  However,  many  of  these  facilities  lack  sufficient 
capacity  to  handle  today's  higher  waste  flows  and,  in  some  cases,  raw 
wastes  are  discharges  dlroctly  into  streams. 


With  the  advent  of  Public  Law  92-500,  a  number  of  new  or 
improved  treatment  facilities  have  been  constructed  on  the  major 
sources  of  waste  discharges  and  water  quality  in  many  reaches  has 
significantly  improved. 

Quality  of  water  in  the  Blackstone  Basin  should  improve  as 
more  advanced  and  efficient  wastewater  treatment  processes  are 
constructed.  The  dissolved-solids  content,  however,  will  probably 
increase  as  the  flow  increases  since  municipal  and  industrial 
wastewater  treatment  plants  remove  little,  if  any,  of  the  dissolved 
solids. 

Vegetative  Cover  -  The  Blackstone  River  Basin  lies  near  the  northern 
extremity  of  the  Appalachian  Oak  Forest.  Oak  and  hickory  are 
predominant  in  most  of  the  basin  with  maple,  birch  and  oeech 
characteristic  of  the  adjoining  Northern  Hardwood  Forest  that 
grows  on  the  uplands  around  the  western  and  northern  edges  of  the 
ba3in. 

Outside  the  urbanized  areas  of  the  basin,  the  land  is  mostly 
forested  and  has  scattered  farms  and  pasture.  The  oak-hickory 
forest  has  little  current  economic  value  except  for  use  as 
firewood  or  house  lots.  White  pine,  occurring  as  a  successional 
transition  between  abandoned  fields  and  the  climax  hardwood 
forest,  are  valued  for  their  timber  but  are  becoming  increasingly 
rare. 

The  region's  extensive  and  widely  scattered  upland  swamps  and 
marshes,  results  of  glacial  scouring  of  the  landscape  and 
sedimentation  in  the  stream  course,  contain  a  great  variety  of 
vegetation  and  are  valued  as  wildlife  habitat  as  well  as  natural 
drainage  regulators. 

Fish  and  Wildlife  -  The  Blackstone  planning  area  has  few  outstanding 
fish  and  wildlife  habitats.  Insufficient  and/or  low  quality 
habitat  cannot  support  even  existing  demands.  The  U.S.  Fish  and 
Wildlife  Service  estimates  that  about  40  percent  of  publicly 
and  privately  owned  land  in  the  planning  area  is  open  to  hunting. 
Twenty-seven  percent  of  the  area's  ponds  (10  acres  or  larger) 
have  guaranteed  public  right-of-way.  Most  of  the  planning  area's 
streams  are  privately  owned  with  public  access  at  the  land¬ 
owner's  discretion  or  are  completely  prohibited. 


EXISTING  WATER  SUPPLY  SYSTEMS  -  BLACKS TONE  RIVER  BASIN 


NOTES:  (a)  According  to  the  Preliminary  Single-Purpose  Plan  Report,  prepared  for  the  New  England  River  Basins 

Commission  by  the  Environmental  Protection  Agency. 

(b)  The  Mill  River  source  of  5.0  mgd  is  held  in  reserve  because  of  the  poor  quality  of  water. 

N.A.  Data  not  available. 
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Species  Present  -  The  upper  reaches  of  West  River  and  Warren 
and  Center  Brooks  provide  habitat  for  brook  and  brown  trout,  while 
the  lower  West  River  supports  a  warm  water  fishery  with  largemouth 
bass,  chain  pickerel,  yellow  perch  and  bluegill  as  the  most 
Important  game  fish.  Upland  wildlife  includes  the  cottontail 
rabbit,  ruffed  grouse,  gray  squirrel,  red  fox,  raccoon,  woodchuck 
and  woodcock.  The  whitetailed  deer  is  the  only  big  game  animal 
found  in  the  project  area.  The  West  Hill  Dam  reservoir 
constitutes  some  of  the  best  habitat  available  in  this  part  of  the 
State,  although  deer  populations  and  harvests  are  below  average. 
Fur  animals  such  as  mink  and  muskrat  are  not  abundant,  although 
some  trapping  for  these  species  does  occur. 


A  local  ornithologist  has  compiled  a  list  of  209  species  of 
birds  in  16  different  taxonomic  orders  that  have  been  observed  in 
the  Blackstone  River  valley.  Waterfowl  use  of  the  wetlands  along 
the  West  River  is  moderate,  and  21  species  of  ducks,  geese  and 
swans  have  been  reported.  With  regard  to  relative  abundance  in 
the  vicinity  of  the  West  Hill  Dam,  the  species  have  been  further 
classified  as:  abundant,  18  species;  common,  76  species; 
uncommon,  90  species;  and  rare,  25  species.  In  addition,  the 
following  seven  birds,  which  have  been  sighted  in  the  valley, 
appear  on  a  list  of  Rare  and  Endangered  Plants  and  Animals  in 
Massachusetts  (February  1973)  prepared  cooperatively  by  the  U.S. 
Department  of  the  Interior,  the  Soil  Conservation  Service,  the 
Massachusetts  Division  of  Fisheries  and  Game  and  the  University  of 
Massachusetts: 


Species 


Status 


Osprey 

Black  crowned  night  heron 
Southern  bald  eagle 
Peregrine  falcon 
Eastern  bluebird 
Marsh  hawk 
Purple  martin 


Undetermined 

Undetermined 

Endangered 

Endangered 

Undetermined 

Undetermined 

Undetermined 


The  report  defines  an  endangered  species  as  "...one  whose 
survival  in  Massachusetts  is  in  jeopardy.  Its  peril  may  result 
from  loss  of  habitat,  change  in  habitat,  overexploitation  by  man, 
predation,  adverse  interspecies  competition  or  disease.  An 
endangered  species  must  receive  help  or  extinction  probably  will 
follow."  A  species  whose  status  is  undetermined  "...may  be  rare 
or  endangered  in  Massachusetts.  Information  currently  available 
is  Inadequate  to  evaluate  its  status  accurately.  More  Information 
is  needed  since  the  species  could  now  exist  in  dangerously  low 
numbers  in  the  State."  The  U.S.  Department  of  the  Interior's  "Red 
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Book"  Includes  both  the  southern  bald  eagle  and  the  peregrine 
falcon  as  endangered  species  on  a  national  basis* 

Management-  Approximately  8,000  brook,  brown  and  rainbow 
trout  are  stocked  annually  In  the  West  River  In  the  towns  of 
Grafton,  Upton  and  Uxbridge*  The  Division  of  Fisheries  and 
Wildlife  stocks  trout  at  25  locations  between  Silver  Lake, 
adjacent  to  Route  140  in  Grafton,  and  Route  16  in  the  village  of 
Wheelockville,  town  of  Uxbridge.  Center  Brook  is  stocked  at  five 
sites  from  Upton  Center  to  the  Brook's  confluence  with  the  West 
River  in  the  West  Hill  Reservoir  area.  Several  fishermen's  access 
trails  are  also  maintained  on  Government-owned  land  under  license 
to  the  Division  of  Fisheries  and  Game. 

The  upper  West  River  and  tributaries  constitute  an  important 
cold  water  fishery  resource  that  is  substained  largely  by  stocking 
of  legal  sized  trout,  although  there  is  some  natural,  reproduction. 
The  poor  water  quality  in  many  of  the  streams  in  the  Blackstone 
River  Basin  has  inhibited  trout  fishing,  yet  demand  for  this 
recreational  activity  is  high. 

Fisheries  development  in  the  many  ponds  of  the  basin  would  be 
quite  possible,  were  it  not  for  severe  pollution  of  all  major 
tributaries  and  the  Blackstone  itself.  (A  major  percentage  of  the 
low  flow  in  summer  is  effluent  from  sewage  treatment  plants.)  New 
ponds  could  be  created  in  several  towns  and  stocked  with  fish  when 
pollution  is  eased,  particularly  along  the  main  stem  of  the 
Blackstone. 

Several  dams  have  been  built  along  the  river,  adding  another 
obstacle  to  restorations  of  anadromous  fish  —  those  which  swim 
upstream  from  saltwater  to  spawn  in  freshwater.  Fish  ladders, 
pollution  abatement,  fish  stocking  programs  and  acquisition  of 
streambanks  would  improve  this  resource. 

Destruction  of  wildlife  habitats  is  the  biggest  single  threat 
to  the  variety  of  wildlife  in  the  basin.  Diligent  land  use 
planning  or  public  purchase  of  lands  is  needed  to  halt  this 
uncontrolled  reduction.  Although  both  Rhode  Island  and 
Massachusetts  have  enacted  protective  legislation,  exemptions  for 
agricultural  production  and  insufficient  enforcement  and 
protection  are  lessening  the  effectiveness  of  the  laws. 

Aesthetic  Conditions  -  While  rivers  generally  enhance  landscape, 
pleasant  scenes  along  the  Blackstone  within  the  impact  area  are 
somewhat  limited,  especially  along  its  lower  reaches.  Here  the 
river  is  polluted  and  lined  with  a  large  number  of  industrial  and 
commercial  facilities.  The  water  course  offers  more  scenic  views 
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in  the  middle  reaches  of  the  river  and  its  impacted  tributaries, 
though  these  are  often  hidden  because  of  restricted  physical  or 
visual  access. 

Uxbridge  Area  -  At  the  Bernat  textile  plant  in  Uxbridge, 
scenic  views  are  also  somewhat  limited.  The  plant  is  generally 
shielded  from  nearby  activities  (along  Main  Street  in  Uxbridge 
Center)  by  trees  and  an  abrupt  change  in  elevation  on  the  Main 
Street  side*  The  only  significant  view  here  is  downstream  from 
the  Mendon  Street  Bridge,  where  one  can  see  a  tight  curve  in  the 
river  that  is  framed  by  a  wooded,  rather  steep  slope  on  the  right 
bank  and  the  Bernat  plant  on  the  left.  There  are  very  few 
residences  in  this  area. 

Nlpmuc  River  -  The  Nipmuc  River  flows  through  a  wooded,  rural 
area  and  is  of  excellent  water  quality;  however,  access  to  this 
area  is  somewhat  restricted.  A  number  of  residences  have  been 
built  here  (primarily  along  Round  Top  Road),  though  few  have  views 
of  the  river. 

Berkeley  Area  -  The  Berkeley  Industrial  Park  is  highly 
visible  in  the  Berkeley  area  of  Cumberland.  Set  on  a  large  tract 
of  sparsely  vegetated  flood  plain  partially  covered  by  grassy 
fields.  The  west  bank  of  the  river  is  densely  wooded  and  supports 
several  single  family  homes  on  its  moderately  sloped  terrain. 

Old  Slater  Mill  Dam  -  Within  the  vicinity  of  Old  Slater  Mill 
Dam  in  Pawtucket,  industrial  facilities  and  dense  urban 
developments  allow  few  glimpses  of  natural  settings.  However,  the 
pond  created  by  the  dam  can  be  aesthetically  pleasing, 
particularly  for  visitors  to  Old  Slater  Mills.  The  Broad  Street 
Bridge  offers  many  an  excellent  vista  of  Old  Slater  Mill  and  Dam. 

Historic  and  Archaeological  Resources 

Prehistoric  populations  near  the  Blackstone  lived  primarily 
by  hunting,  gathering,  and  fishing.  Anadromous  fish  were  probably 
taken  in  season,  and  agriculture  was  adopted  after  about  AD  1000. 
Most  sites  were  probably  on  high  terraces  above  flood  levels. 

European  settlements  in  the  basin  began  in  the  1630's,  and 
numerous  small  grist  and  saw  mills  were  constructed  along  the 
river  during  the  17th  and  18th  centuries.  With  the  development  of 
the  American  textile  industry  in  the  early  19th  century,  numerous 
textile  mill  villages  developed  along  the  Blackstone.  Many  of 
these,  such  as  Pawtucket  and  Central  Falls  grew  into  densely 
populated  cities  during  the  course  of  the  century  to  transport 
freight  and  passengers  between  Providence  and  Worcester,  but  was 
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soon  rendered  obsolete  by  railroad  construction  on  a  parallel 
route  up  the  valley. 

Today,  numerous  19th  century  factory  sites  and  structures,  as 
well  as  millworkers'  housing  and  related  features  remain  as 
testimony  to  the  unique  Industrial  heritage  of  the  Blackstone 
Valley.  Several  structures  have  been  placed  on  the  National 
Register  of  Historic  Places,  Slater  Mill  In  Pawtucket,  the 
Berkeley  Mill  Valley  in  Cumberland,  and  a  portion  of  the 
Blackstone  Canal  in  Lincoln.  The  Berkeley  Mill  Village  Is  outside 
and  to  the  east  of  the  proposed  local  protection  project,  while 
the  Blackstone  Canal  follows  the  river's  west  bank  opposite  the 
project  site. 


HUMAN  RESOURCES 

Population  -  Thirty-eight  communities  (29  In  Massachusetts  and  9 
In  Rhode  Island)  lie  wholly  or  partially  within  the  Blackstone 
River  Watershed  (see  Figure  1).  Eighty-four  percent  of  these 
communities  fall  within  either  of  two  Standard  Metropolitan 
Statistical  Areas  (SMSA),  the  Worcester  SMSA  or  the  Providence- 
Pawtucket-Warwlck  (PPW)  SMSA.  In  1970,  the  population  of  the 
former  was  344,320  and  the  latter  was  910,781.  The  Worcester  SMSA 
grew  by  15,422  people  or  by  4.7  percent  between  1960  and  1970. 

The  city  of  Worcester  declined  by  10,015  people  or  5.4  percent 
while  the  suburbs  grew  by  25,437  people  or  17.9  percent.  The  PPW 
SMSA  grew  by  89,680  people  or  10.9  percent  between  1960  and  1970 
despite  a  loss  of  33,444  people  from  Its  older  core  municipalities 
of  Providence,  Pawtucket,  and  Central  Falls. 

Significant  growth  in  the  Rhode  Island  towns  of  Cumberland, 
Lincoln,  Smlthfleld,  North  Smithfield,  and  Glocester  Is  an 
Indication  of  a  centralization  of  the  Providence  core,  overlapped 
to  a  lesser  extent  by  a  similar  decline  of  Woonsocket  as  an  urban 
center.  In  Massachusetts,  Bellingham,  Blackstone,  and  Mendon 
exhibited  significant  population  increases  centered  on  Woonsocket 
while  Millbury,  Shrewsbury,  and  Sutton  showed  similar  growth 
centered  on  Worcester.  Overall  the  five  core  cities  influencing 
basin  population  lost  8  percent  of  their  1960  population  over  the 
decade  while  the  21  suburban  and  rural  towns  with  significant 
portions  of  their  area  lying  in  the  basin  grew  by  24  percent. 

Table  1-6  displays  the  population  changes  in  basin 
communities  over  the  1960  to  1970  decade,  and  changes  between  1970 
and  1975.  The  data  is  presented  for  those  24  communities  who  have 
significant  portions  of  their  area  lying  within  the  basin.  In 
general,  the  metropolitan  core  cities  have  been  declining  in 
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population  while  the  suburbs  and  rural  towns  have  been  growing* 
This  pattern  of  change,  declining  older  centers  and  growth  on 
their  periphery.  Is  expected  to  continue  into  the  future,  perhaps 
with  greater  dispersion  from  the  Boston  SMSA  to  the  further-out 
towns  as  local  zoning  restrictions  tending  toward  ever  larger  land 
costs  In  the  closer-ln  towns  limit  their  growth* 

The  Impact  area  consists  of  the  eleven  communities  along  the 
main  stem  of  the  Blackstone  that  experience  significant  flood 
damages.  Seven  of  these  are  in  Massachusetts,  the  other  four  In 
Rhode  Island.  Total  population  of  these  communities  is  about 
190,000  and  represents  about  one  third  of  the  population  in  the 
basin  communities*  The  impact  area  reflects  the  overall  basin 
trends  with  continued  population  decreases  noted  in  the  urban 
centers  of  Pawtucket  and  Central  Falls  between  1970  and  1975. 

Other  communities  showing  decreases  include  Grafton,  Blackstone 
and  Millville.  Although  the  other  communities  showed  increases 
ranging  from  1.1  to  8.3  percent,  these  increases  were  not 
sufficient  to  offset  an  overall  loss  of  population  of  2.5  percent 
for  the  Impact  communities.  The  population  densities  in  1975 
ranged  from  151  in  Sutton  to  13,907  in  Central  Falls  and  are 
displayed  in  Table  1-7. 

Major  Skills  and  Occupations  -  Occupation  data  for  the  impact  area 
(see  Table  1-8)  shows  a  considerable  proportion  of  blue-collar 
jobs  (operatives,  craftsmen,  and  foremen)  in  the  labor  force.  The 
older  central  cities  in  the  impact  area,  including  Pawtucket  and 
Central  Falls,  have  a  substantial  percentage  of  labor-intensive 
industries.  This  reflects  the  historical  dependency  on  textiles 
which  characterizes  the  northeast  part  of  the  country.  Thus,  a 
considerable  proportion  of  the  labor  force  is  employed  in  blue- 
collar  and  related  office  support  jobs.  Close  to  30  percent  of 
the  employed  in  impact  area  communities  were  in  the  operatives 
category*  None  of  the  communities  had  less  than  23  percent  of  its 
workers  in  this  category;  Central  Falls  had  the  highest  proportion 
with  42.4  percent  employed  in  the  operatives  group.  The  next 
largest  group  in  the  impact  area  communities  are  clerical  workers, 
making  up  17.2  percent  of  the  employed,  followed  closely  by  15.5 
percent  employed  in  the  craf tsmen/f oremen  group.  These  three 
groups,  operatives,  clerical,  craftsmen/foremen  combine  to  compose 
over  60  percent  of  employed  workers. 

Examination  of  the  commuting  characteristics  of  the 
Blackstone  Valley's  residents  shows  that  of  the  cities  and  towns 
within  the  watershed  in  the  Providence  metropolitan  area,  80 
percent  work  within  the  PPW  SMSA.  Of  those,  over  40  percent  work 
in  the  city  of  Providence  and  another  31  percent  work  in  the 
"inner  ring”  of  the  remainder  of  Providence  County,  indicating  the 
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strength  of  Pawtucket,  Central  Falls,  East  Providence  and  North 
Providence  as  employment  centers.  The  Providence  County  "outer 
ring"  also  exhibits  a  very  significant  pull  as  a  work  trip 
destination  (18  percent),  especially  due  to  Woonsocket  and 
Cumberland  as  employment  centers* 

The  Worcester  metropolitan  area  shows  a  similar  split  of 
persons  working  inside  (80  percent)  and  outside  its  SMSA,  but  it 
exhibits  a  stronger  centralisation  of  work  trip  destinations  with 
almost  80  percent  of  those  working  inside  the  SMSA  working  In  the 
city  of  Worcester  Itself.  The  towns  surrounding  Worcester  that 
are  within  the  watershed.  Auburn,  Millbury,  Grafton,  and 
Shrewsbury,  do  show  a  much  stronger  pull  for  the  remaining  work 
trips  (12. 5  percent)  than  the  surrounding  towns  to  the  north  which 
are  outside  the  watershed  (2.4  percent). 


I 
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TABLE  1-6 

POPULATION  CHANGES.  1960-1975 
CITIES  AND  TOWNS  OF  THE  BLACKSTONE  VALLEY 


(Over  1960)  (Over  1970) 

Percent  Percent 


Citr/Town* 

1960 

1970 

Change 

1975 

Change 

Massachusetts 

Shrewsbury 

16,623 

19,196 

+15.5 

21,965 

14.4 

MILLBURY 

9,623 

11,987 

+24.6 

12,121 

1.1 

Auburn 

14,047 

15,347 

+9.3 

15,626 

1.8 

GRAFTON 

10,621 

11,659 

+9.7 

10,6  30 

-8.8 

Upton 

3,127 

3,484 

+11.4 

3,777 

8.4 

NORTHBRIDGE 

10,800 

11,795 

+9.2 

12,165 

3.1 

Hoped&le 

3,987 

4,292 

+7.6 

4,014 

-6.5 

UXBRIDGE 

7,789 

8,253 

+5.9 

8,528 

3.3 

Douglas 

2,559 

2,947 

+15.2 

3,174 

7.7 

BLACKSTONE 

5,130 

6,565 

+28.0 

6,486 

-1.2 

MILLVILLE 

1,567 

1,764 

+12.6 

1,744 

-1.1 

SUTTON 

3,638 

4,590 

+26.2 

4,969 

8.3 

Mend on 

2,068 

2,524 

+22.0 

2,714 

7.5 

Bellingham 

6,774 

13,967 

+106.0 

14,461 

3.5 

Rhode  Island 

Woonsocket 

47,080 

46,820 

-0.6 

46,888 

0.1 

N.  Smlthfleld 

7,632 

9,349 

+22.5 

10,354 

10.7 

Burrillville 

9,119 

10,087 

+10.6 

11,483 

13.8 

Glocester 

3,397 

5,160 

+51.9 

6,353 

23.1 

Smlthfleld 

9,442 

13,468 

+42.6 

14,283 

6.1 

LINCOLN 

13,551 

16,187 

+19.4 

17,177 

6.1 

CUMBERLAND 

18,792 

26,605 

+41.6 

27,648 

3.9 

CENTRAL  FALLS 

19,858 

18,716 

-5.8 

16,689 

-10.8 

PAWTUCKET 

81,001 

76,984 

-5.0 

72,024 

-6. 4 

Source:  "Southeastern  New  England  Study  of  Water  and  Related  Land 
Resources."  New  England  River  Basins  Commission,  Interim  Report.  1973 
and  County  and  City  Data  Book,  1977,  U.S.  Department  of  Commerce, 

U.S.  Bureau  of  the  Census. 

*The  following  cities  and  towns  are  not  included  because  they  do  not  lie 
significantly  within  the  Blackstone  River  Drainage  Basin,  nor  are  their 
economies  significantly  related  to  the  rivers  that  make  up  that  drainage 
basin:  Oxford,  Leicester,  Paxton,  Holden,  Boylston,  Hopkinton,  Milford, 
Franklin,  Wrentham,  Plalnvllle,  North  Attleboro,  Attleboro, 
Massachusetts. 

NOTE:  Impact  area  communities  are  indicated  by  upper  case  lettering 
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TABLE  1-7 


POPULATION  DENSITY* 
STUDY  AREA  COMMUNITIES 


Land  Area 


(So. Mi.) 

1960 

1970 

1975 

Millbury 

16.0 

601 

749 

757 

Sutton 

32.7 

111 

140 

151 

Grafton 

22.8 

466 

511 

466 

Northbridge 

17.2 

628 

686 

707 

Uxbridge 

29.5 

264 

280 

289 

Millville 

4.9 

320 

360 

355 

Blackstone 

11.2 

458 

586 

579 

Cumberland 

27.1 

693 

982 

1,020 

Lincoln 

18.6 

729 

870 

923 

Central  Falls 

1.2 

16,548 

15,596 

13,907 

Pawtucket 

8.8 

9,205 

8,748 

8,184 

Source:  "Southeastern  New  England  Study  Water  and  Related  Land 
Resources,"  New  England  River  Basins  Commission,  Interim  Report,  1973 
and  County  and  City  Data  Book,  1977.  U.S.  Dept  of  Commerce,  U.S.  Bureau 
of  the  Census. 

♦Persons  per  square  mile 
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Income  and  Education  Levels  -  Median  Income  for  the  study  area 
communities  ranged  from  $7,778  In  Central  Palls  to  $11,811  In 
Grafton.  This  compares  to  $9,929  and  $10,088  lu  the  PPW  and 
Worcester  SMSA's  respectively.  Income  data  for  all  Impact  area 
coommnlties  Is  displayed  In  Table  1-9  with  median  number  of  school 
years  completed.  As  indicated  In  the  table,  the  median  Income  and 
the  percent  earning  over  $15,000  are  significantly  greater  In 
suburbanized  towns,  (Grafton  and  Cumberland)  than  In  the  central 
cities. 

Housing  -  Table  1-10,  Housing  Characteristics  -  Cities  and  Towns 
of  the  Blackstone  Valley,  again  points  out  the  characteristic 
demographic  changes  of  the  '60's.  Significant  growth  In  single 
family  houses  In  the  suburban  communities  is  observed  along  with  a 
decline  In  the  number  of  housing  units  in  the  higher  density  urban 
areas  with  primarily  multifamily  housing. 

The  degree  of  recent  housing  construction  activity  is  shown 
In  Table  1-11  Residential  Building  Permits  Issued  -  1972,  1973. 

It  is  Interesting  to  note  that  even  though  population  is  declining 
In  the  older  core  cities  of  Providence,  Pawtucket,  Central  Falls, 
Woonsocket  and  Worcester,  there  is  still  evidence  of  housing 
construction,  mostly  multifamily,  which  Is  replacing  much  of  the 
housing  demolished  for  urban  renewal,  condemnation,  or  for  some 
higher  order  purpose.  The  close  In  suburban  communities  such  as 
Shrewsbury,  Auburn,  Grafton,  Cumberland,  and  Lincoln  show  signs  of 
higher  density  development  with  a  significant  percentage  of  new 
housing  starts  in  multifamily  units. 

Providence,  Pawtucket,  Central  Falls  and  Woonsocket  in  Rhode 
Island  and  only  Worcester  in  the  Massachusetts  portion  of  the 
basin  have  undergone  varying  types  and  degrees  of  Federal  and 
State  aided  urban  renewal.  The  prime  investment  has  been  In 
reviving  the  areas  in  and  around  the  urban  cores. 

Available  housing  data  for  impact  area  communities  (see  Table 
1-12)  reveals  a  greater  preponderance  of  multifamlly  units  In  the 
larger  cities  and  higher  median  values  for  owner-occupied  units  In 
the  emerging  suburbs,  particularly  Cumberland  and  Lincoln  where 
demand  for  residential  accommodations  has  been  fairly  Intense.  In 
all  of  the  Impact  towns  and  cities,  vacancy  rates  (especially  for 
owner-occupied  units)  are  rather  low  and  normal  residential 
development  activities  have  been  adversely  affected  by  a  recession 
In  the  housing  industry. 
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TABLE  HO 


HOUSING  CHARACTERISTICS 
CITIES  AND  TOWNS  OF  THE  BLACKSTONE  VALLEY 


Housing  Characteristics,  1 970 


Percent 

Percent 

Median 

Full  Value 

Number  of  Housing  Units 

Single 

Built 

Value 

Tax  Rate 

City/Town* 

1960 

1970 

%  Change 

Family 

Since  1950 

S . F  House 

1971 

Worcester 

58,986 

58,569 

-0.7 

34 

18 

$17,900 

$85.80 

Shrewsbury 

4,922 

5,824 

18.3 

83 

53 

20,700 

40.  50 

Millbury 

2,982 

3,667 

23.0 

66 

40 

18,300 

52.00 

Auburn 

4,057 

4,539 

11.9 

82 

50 

18,400 

41.00 

Grafton 

2,683 

3,181 

18.6 

65 

39 

19,200 

40.  50 

Upton 

1,010 

1,106 

9.5 

65 

37 

17,400 

52.60 

Northbridge 

2,299 

3,745 

62.9 

42 

25 

17,600 

48.60 

Hopedale 

na 

1,300 

- 

56 

24 

19,100 

45.40 

Uxbridge 

na 

2,632 

- 

59 

27 

16,600 

45.20 

Douglas 

na 

984 

- 

65 

25 

16,300 

46.00 

Blackstone 

1,534 

1.958 

27.6 

56 

32 

16,000 

58.40 

Millville 

493 

533 

8.1 

- 

12,500 

62.00 

Sutton 

1,161 

1.421 

22.4 

74 

45 

18,000 

52.80 

Mendon 

na 

827 

- 

76 

38 

16,700 

39.90 

Bellingham 

2,027 

3,653 

80.2 

85 

69 

19,100 

30.60 

Woonsocket 

16,269 

16,481 

1.3 

23 

18 

16,400 

36.73 

Central  Falls 

7,249 

6,847 

-2.5 

8 

6 

13,800 

36.08 

Pawtucket 

28,130 

27,859 

■70. 1 

33 

19 

16,400 

31.20 

North  Smithfield 

2,285 

2,806 

22  8 

76 

46 

18,900 

24.06 

Cumberland 

5,697 

7,846 

37.7 

72 

56 

20,700 

22.93 

Lincoln 

4,283 

5,212 

21.7 

54 

36 

20,700 

24.44 

Smithfield 

2,763 

3,817 

38.1 

81 

52 

19,200 

26.01 

Glocestcr 

na 

1,620 

- 

85 

47 

17,200 

18  38 

Burrillville 

na 

3,045 

- 

54 

26 

14,900 

26  76 

Providence 

73,027 

68,132 

-6.8 

22 

12 

16,800 

33.96 

na  =  not  available 

Sources.  U.S.  Census.  "Detailed  Housing  Characteristics",  Mass,  and  R.  I.; 

"Annual  State  Report  on  Local  Government  Finances  and  Tax  Equalization", 
R.  I.  Department  of  Community  Affairs,  1973;  "1971  Tax  Rates", 
Massachusetts  Taxpayers  Foundation,  Inc. 


*  The  following  cities  and  towns  are  not  included  because  they  do  not  lie  significantly 
within  the  Blackstone  River  Drainage  Basin,  nor  are  their  economies  significantly 
related  to  the  rivers  that  make  up  that  drainage  basin:  Oxford,  Leicester,  Paxton, 
Holden,  Boylston,  Hopkinton,  Milford,  i  ranklin,  Wrentham,  Plainville,  North 
Attleboro,  Attleboro,  and  Seekonk,  Massachusetts;  and  East  Providence,  Rhode 
Island. 


TABLE 1-11 

RESIDENTIAL  BUILDING  PERMITS  ISSUED  -  1972,  1973 


CITIES 

AND  TOWNS  OF  THE 

BLACKSTONE 

VALLEY 

1973 

1972 

Total 

#  of 

#  Fam. 

#  of 

#  Fam. 

#  of 

#  Fam. 

City /Town* 

Buildinc 

js  Accom. 

Buildings 

Accom . 

Buildinc 

js  Accom . 

Worcester 

149 

1,111 

253 

2,111 

402 

3,222 

Shrewsbury 

99 

229 

78 

284 

177 

513 

Millbury 

44 

52 

58 

134 

102 

186 

Auburn 

74 

139 

55 

55 

129 

194 

Grafton 

45 

127 

30 

43 

75 

170 

Upton 

31 

29 

21 

21 

52 

50 

Northbridge 

56 

56 

59 

59 

115 

115 

Hopedale 

na 

na 

na 

na 

na 

na 

Uxbridge 

47 

93 

31 

31 

78 

124 

Douglas 

26 

23 

28 

30 

54 

53 

Blackstone 

24 

24 

23 

73 

47 

97 

Millville 

4 

4 

6 

6 

10 

10 

Sutton 

47 

48 

38 

39 

85 

87 

Mendon 

11 

11 

na 

na 

na 

na 

Bellingham 

76 

92 

87 

88 

163 

180 

Woonsocket 

62 

298 

89 

487 

151 

785 

Central  Falls 

3 

13 

3 

3 

6 

16 

Pawtucket 

63 

158 

75 

169 

138 

327 

North  Smithfield 

87 

92 

69 

82 

156 

174 

Cumberland 

97 

104 

107 

119 

204 

223 

Lincoln 

75 

131 

71 

76 

146 

207 

Smithfield 

103 

118 

86 

140 

189 

258 

Glocester 

83 

63 

75 

80 

158 

163 

Burrillville 

95 

98 

67 

67 

162 

165 

Providence 

147 

506 

195 

1,124 

342 

1,630 

na  =  not  available 

*The  following  cities  and  towns  are  not  included  because  they  do  not  lie  significantly 
within  the  Blackstone  River  Drainage  Basin,  nor  are  their  economies  significantly 
related  to  the  rivers  that  make  up  that  drainage  basin:  Oxford,  Leicester,  Paxton, 
Holden,  Boylston,  Hopklnton,  Milford,  Franklin,  V/rentham,  Plainville,  North 
Attleboro,  Attleboro,  and  Scekonk,  Massachusetts;  and  Fast  Providence,  Rhode 
Island. 


f 
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DEVELOPMENT  AND  ECONOMY 


Historical  and  Cultural  Development  -  The  Blackstone  River  was 
named  for  the  first  white  settler  on  its  banks,  William 
Blackstone,  An  Episcopal  clergyman,  he  left  Boston  in  1634  to 
find  solitude  and  to  get  away  from  the  customs  and  methods  of  the 
Puritans  with  whom  he  disagreed.  He  established  a  home  in  what  is 
now  Lonsdale,  about  two  miles  northwest  of  Pawtucket,  Blackstone 
was  also  the  first  permanent  settler  in  Boston,  with  a  concession 
or  grant  of  more  than  800  acres  that  included  the  present  Boston 
Common, 

Between  Valley  Falls  and  Pawtucket  Falls,  a  distance  of  about 
two  miles  by  river,  there  is  a  fall  of  about  25  feet  where,  in  the 
old  days  the  river  boiled  over  one  rock  ledge  after  another.  It 
was  at  the  lower  end  of  the  falls  that  the  first  development  on 
the  river  was  constructed  by  Joseph  Jenks,  Jr,  Jenks  came  to 
Rhode  Island  in  1669  from  Lynn,  Massachusetts,  where  his  father 
operated  the  first  iron  foundry  in  America,  Attracted  by  the 
water  power  potential,  Jenks  purchased  60  acres  of  land  near  the 
Pawtucket  Falls  in  1671  and  established  a  forge,  sawmill  and 
carpenter  shop  on  the  west  bank  below  the  present  Main  Street 
bridge.  At  the  foot  of  the  falls  he  erected  a  waterwheel  to  turn 
the  mill.  His  skill  as  a  maker  of  tools  and  hiB  success  in 
harnessing  the  river  impressed  other  pioneers,  and  gradually  a 
small  settlement  was  formed  near  the  forge  and  mill.  As  other 
portions  of  the  basin  became  settled,  the  available  water  power  in 
the  river  way  developed;  and  by  1700  many  grist  and  sawmills  were 
in  operation. 


It  was  in  Pawtucket  that  the  cotton  manufacturing  industry  in 
America  had  its  start.  In  January  1790,  the  firm  of  Almy  and 
Brown  was  attempting  to  spin  cotton  commercially.  It  secured  the 
services  of  Samuel  Slater,  an  Englishman  well  versed  in  the  cotton 
spinnlngi ^processes  then  being  employed  in  England,  At  that  time, 
exportation  from  England  of  Arkwright  machinery,  or  any  models  or 
designs  thereof,  was  prohibited  by  English  law.  The  equipment  at 
hand  proved  unsatisfactory  so  Slater  proceeded  to  design  and 
construct  Arkwright  type  spinning  machines  from  memory.  The  first 
plant,  completed  in  December  1790,  consisted  of  three  cards, 
drawing  and  roving  frames  and  two  spinning  frames.  The  plant  was 
located  at  the  southwest  end  of  the  bridge  over  the  falls,  and  the 
fast  flowing  river  was  used  to  power  the  machines. 


Slater's  machines  proved  so  successful  that  the  company  soon 
had  surplus  yarn  on  hand  and  had  to  suspend  operation  for  several 
months.  At  that  time,  all  weaving  was  done  on  hand  looms  and  the 


yarn  produced  could  not  be  converted  Into  cloth  as  rapidly  as  it 
Is  today*  When  operations  resumed,  Slater  and  his  associates 
decided  to  build  a  new  plant,  and  In  1793  they  completed 
construction  of  the  first  real  cotton  mill  in  America*  Now  known 
as  "Old  Slater  Mill,"  it  stands  on  the  west  bank  of  the  river  In 
Pawtucket* 

Following  this  start,  the  textile  industry  soon  spread 
throughout  the  basin  and  used  the  river  as  a  source  of  power* 
Slater  played  a  very  Important  part  in  this  expansion.  Around 
1798  he  erected  a  second  mill  on  the  east  side  of  the  river  in 
what  was  then  part  of  the  town  of  Rehoboth,  Massachusetts,  but  is 
now  Pawtucket.  In  1811,  he  founded  a  cotton  and  woolen  mill  on 
the  Merrimack  River  in  Amoskeag  Falls,  later  the  industrial  city 
of  Manchester,  New  Hampshire. 

Industrial  development  in  the  basin  required  improved 
transportation  of  goods  and  passengers  between  ocean  and  inland 
points.  In  1796  John  Brown  and  several  associates  considered  the 
possibility  of  a  canal  from  Providence  to  Worcester,  by  way  of  the 
Blackstone  River*  The  route  was  surveyed  and  a  plan  formulated 
that  was  considered  to  be  practical  and  easy  to  execute.  The 
Rhode  Island  Legislature  voted  the  company  ample  power,  but 
Massachusetts  withheld  assent  and  the  project  came  to  a  premature 
end. 


In  about  1822  a  group  of  Providence  and  Worcester  people 
interested  in  the  extension  of  water  transportation  to  Worcester 
employed  Benjamin  Wright,  who  had  been  an  engineer  on  the  Erie 
Canal,  to  report  on  the  Blackstone  Canal  Project.  However,  since 
1796  when  the  project  was  first  considered,  many  manufacturing 
establishments  had  secured  and  were  utilizing  mill  privileges 
along  the  river.  This  added  considerably  to  the  value  of  the  land 
required  for  the  canal.  Notwithstanding,  the  project  was 
recommended  for  construction  at  a  cost  of  $323,319  for  labor, 
based  on  an  average  monthly  wage  of  $10  to  $12.  The  proposed 
canal  was  to  be  45  miles  long,  starting  at  Thames  Street  in 
Worcester,  near  the  present  courthouse,  continuing  down  the  valley 
of  the  Blackstone  River  to  Scott  Pond  in  Lincoln,  just  above 
Central  Falls,  and  thence  down  the  Moshassuck  River  to  tidewater 
at  Providence;  a  total  fall  of  451.61  feet  at  62  locks. 

The  canal  was  finally  constructed  between  1826  and  1828  by 
the  Blackstone  Canal  Company  at  a  total  cost  of  $750,000.  As 
constructed,  it  contained  48  locks,  had  a  depth  of  4  feet  and  top 
and  bottom  widths  of  34  and  18  feet,  respectively.  Operation  of 
the  canal,  however,  was  not  a  financial  success.  At  times  a 
deficiency  in  water  supply  existed  and  at  other  times  injurious 
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floods  caused  damage.  In  the  winter  months,  it  was  out  of  service 
because  of  Ice.  In  1848,  soon  after  the  completion  of  the  first 
railroad  between  Providence  and  Worcester,  the  canal  was 
abandoned.  Although  It  was  not  a  success  as  a  transportation 
project,  it  left  the  water  power  situation  of  the  river  in  a 
better  condition.  The  various  ponds  formed  on  the  upper  reaches 
of  the  river  by  the  caual  dams  provided  a  more  constant  and  better 
controlled  Simply  of  water  for  downstream  industries  dependent  on 
the  river  for  power.  Little  visible  evidence  of  the  canal  remains 
today. 

The  advent  of  steam  power,  the  opening  of  the  canal  and, 
finally,  the  construction  of  rail  facilities  all  gave  impetus  to 
the  expansion  of  industry,  the  consequent  growth  of  towns  along 
the  river  and  the  development  of  new  communities  along  its 
tributaries.  Worcester  became  the  greatest  industrial  city  in  the 
United  States  not  located  on  a  major  waterway  —  a  leader  in  the 
manufacture  of  wire,  textiles,  grinding  wheels,  machinery  and 
other  products.  Late  in  the  1800's  many  of  the  industrial  plants 
in  the  basin  and  elsewhere  began  to  convert  from  mechanical  to 
hydroelectric  power.  Utilization  of  available  hydro  sites  in  the 
basin  reached  a  peak  shortly  after  the  turn  of  the  century. 

The  Blackstone  River  has  thus  played  a  very  Important  role  in 
the  Industrial  history  of  New  England  and  the  United  States. 
Although  many  of  its  earlier  developments  have  been  abandoned,  it 
will  continue  to  be  Important  to  the  economic  welfare  of  the 
industrial  communities  along  its  banks. 

Economic  Development  -  In  colonial  days  the  Blackstone  Valley  was 
a  region  of  subsistence  farming.  Sheep  farming  for  wool,  bog  iron 
mining  and  forestry,  and  corresponding  industries  to  process  the 
local  resources  or  to  satisfy  local  demand  were  the  residents 
principal  occupations.  The  Blackstone  Valley  gradually  became  a 
processor  of  Imported  materials,  primarily  for  reexport  to  other 
parts  of  the  United  States  and  the  world— -in  essence,  a  natural 
resources  based  economy  shifted  to  a  human  skills  based  economy. 
The  first  part  of  this  shift,  agriculture  and  mining  to 
manufacturing,  occurred  between  the  American  Revolutions 
elimination  of  the  British  ban  on  manufacturing  in  the  Colonies 
and  the  Homestead  Act's  explosive  opening  of  the  more  fertile  and 
hence  more  competitive  western  agricultural  lands.  Higher  wage 
opportunities  of  manufacturing  and  lower  Midwestern  farm  prices 
contributed  to  the  decline  of  agriculture  in  the  region. 

The  second  part  of  the  shift,  from  manufacturing  processes 
using  local  materials  to  those  using  Imported  materials,  has 
extended  from  the  early  19th  century  to  the  present  day  because  of 
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the  early  depletion  and  general  lack  of  local  raw  materials. 

Concurrent  with  the  shift  to  importing  materials  and 
exporting  products,  there  has  been  a  trend  toward  increasing  labor 
intensification  and  reducing  use  of  materials  to  offset  and 
minimize  shipping  costs  and  decrease  the  cost  of  the  regions 
products.  The  result  has  been  increasing  specialization  in  the 
manufacture  of  such  products  as  machinery  and  electronic 
equipment. 

Over  the  past  few  decades,  the  national  economy  has  become 
Increasingly  service-oriented  as  goods-produclng  industries  have 
been  deemphasized.  On  a  national  level,  manufacturing  employment 
grew  by  only  27  percent  between  1950  and  1970  whereas  employment 
in  service-related  Industries  increased  by  88  percent  during  the 
same  time.  From  1960  to  1970,  the  growth  rates  were  15  and  43 
percent  respectively.  According  to  a  report  entitled  "Tomorrow's 
Manpower  Meeds,"  published  by  the  U.S.  Department  of  Labor  in 
1971,  such  a  service-oriented  economy  is  expected  to  continue. 

While  the  national  economy  has  been  changing  direction,  that 
of  the  Blackstone  Valley  has  remained  strongly  in  the 
manufacturing  sector.  Although  the  service  sector  is  beginning  to 
gain  some  importance,  in  1969  manufacturing  still  accounted  for  93 
percent  of  the  economic  base  in  the  Worcester-Fitchburg-Leominster 
area  and  for  87  percent  in  the  Providence- Pawtucket-Warwick  area. 
(The  economic  base  is  comprised  of  those  industries  which  sell 
goods  or  services  to  consumers  outside  the  region.) 

The  Blackstone  Valley  area.  Providence  to  Worcester,  is 
significantly  more  manufacturing  based  than  the  national  average, 
while  the  Boston  area  to  the  northeast  is  somewhat  less  so. 
Although  manufacturing  jobs  accounted  for  more  than  a  third  of 
total  employment  in  1970  in  the  Worcester  and  PPW  SMSA's  (see 
Table  1-15 )  practically  every  city  and  town  within  the  Blackstone 
watershed  has  been  losing  manufacturing  employers.  Part  of  the 
current  decline  in  manufacturing  employment  is  attributable  to  the 
slow  growth  that  is  occurring  in  the  nation  as  a  whole  (only  15 
percent  increase  between  1960  and  1970).  The  more  dominant 
factor,  however,  has  been  the  exodus  of  manufacturing 
establishments.  Accessibility  to  rail  and  water  transport  that 
once  attracted  many  industries  to  new  England  is  no  longer  such  an 
important  criteria.  Trucking,  for  many  firms,  is  now  the  major 
mode  of  transport  and  access  to  high  speed  roads  can  be  found  in 
every  region  of  the  country.  This,  together  with  lower  tax  and 
wage  rates  found  in  other  areas,  has  caused  a  major  movement  of 
industries  out  of  the  Blackstone  Valley  as  well  as  the  entire  New 
England  region. 
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The  Blackstone  River  Basin's  economy  Is  now  primarily  based 
on  manufacturing  jewelry,  electrical  and  other  machinery,  and 
fabricated  and  primary  metals.  Other  significant  products  are 
textiles,  food  products,  printing  and  publishing,  and  chemicals. 
Manufacturing  employs  about  37  percent  of  the  region's  total 
workers,  agriculture  and  mining  about  2  percent,  trade  about  7 
percent,  and  services  (Including  financial,  business,  medical,  and 
educational)  about  19  percent.  The  remaining  36  percent  is  split 
between  construction,  transportation,  utilities,  government  and 
miscellaneous  retail  trade. 

The  prominence  of  manufacturing  continues  to  be  reflected  by 
employment  data  for  the  study  area  communities.  With  the 
exception  of  Blackstone,  manufacturing  accounted  for  over  40 
percent  of  employment  opportunities  In  each  of  the  impact  area 
communities.  Generally,  the  wholesale  and  retail  trade  sector 
followed  manufacturing  In  Importance,  followed  by  the  services 
sector.  Table  1-15  provides  employment  data  for  each  Industrial 
sector  in  each  community.  Nlneteen-slxty  seven  data  are  also 
presented  and  the  percent  change  to  more  recent  data  is  indicated* 

Economic  Trends  -  The  Blackstone  River  Basin's  economy  is  now 
primarily  based  on  manufacturing  jewelry,  electrical  and  other 
machinery  and  fabricated  and  primary  metals.  Other  significant 
products  are  textiles,  food  products,  printing  and  publishing  and 
chemicals.  Manufacturing  employs  about  37  percent  of  the  regions 
total  workers,  agriculture  and  mining  about  1  percent,  trade  about 
7  percent  and  services  (including  financial,  business,  medical  and 
educational)  about  19  percent.  The  remaining  36  percent  is  split 
between  construction,  transportation,  utilities,  government  and 
miscellaneous  retail  trade. 

In  a  larger  southeastern  New  England  regional  context,  the 
Blackstone  Valley  is  part  of  a  manufacturing  hinterland  that 
surrounds  the  Boston  SMSA  and  is  dependent  on  Boston  for 
specialized  banking,  medical  and  educational  services.  This 
relationship  is  evidenced  by  Boston's  low  employment  rate  of  22 
percent  in  manufacturing  and  high  employment  rate  of  27  percent  in 
services. 

In  recent  trends  in  economic  activity  within  this  region 
(1963  to  1967),  the  greatest  gains  have  been  registered  in  the 
metals  industries,  with  constant  dollar  value  added  increases  of 
87  percent  in  jewelry,  silverware  and  plated  ware,  54  percent  in 
primary  metals,  49  percent  in  machinery,  31  percent  in  fabricated 
metals,  27  percent  in  instruments  and  27  percent  in  electrical 
equipment.  Other  increases  included  48  percent  in  paper  products, 
34  percent  in  printing  and  27  percent  in  stone,  clay  and  glass 


produces.  Textiles,  In  the  same  period,  continued  their  long  term 
decline.  Some  concentrations  of  these  Industries  are  on  the 
valley's  fringes— Providence  and  Attleboro  for  example- -but  they 
should  still  have  significant  impact  on  the  future  employment  of 
the  valley's  residents. 

Land  Land  Use  Characteristics  -  Development  in  the  Blackstone 
River  watershed  is  generally  concentrated  in  several  large  urban 
centers  and  in  a  number  of  small  rural  communities.  Nearly  all 
evolved  in  response  to  industrial  land  users  locating  at  or  near 
water  power  sources  (the  Blackstone  and  its  tributaries)  and/or 
available  transportation  facilities  (the  Blackstone  Canal,  the 
Providence  and  Worcester  Railroad  and  the  area's  primary  roads). 

The  major  urban  centers  —  Providence-Pawtucket-Central 
Falls,  Woonsocket  and  Worcester  —  are  the  basin's  oldest 
principal  settlements.  While  once  sources  of  considerable 
economic  vitality  (especially  during  the  18th  and  19th  centuries), 
these  urban  centers  have,  in  more  recent  years,  lost  population 
and  industry  to  more  attractive  areas  within  their  respective 
suburban  rings.  Other  centers  of  urban  activity  —  chiefly  small 
mill  towns  —  are  scattered  throughout  the  watershed  along  various 
stream  valleys  and  rural  roads,  leaving  large  areas  of  open  space 
or  lands  developed  at  very  modest  rural  densities,  particularly  in 
the  middle  and  western  sectors  of  the  baBln. 

Of  the  cities  and  towns  within  the  flood  plain  only 
Pawtucket,  Central  Falls  and  Woonsocket  are  fully  developed.  In 
the  town  of  Cumberland,  Rhode  Island,  existing  development  (mostly 
residential)  is  located  along  Mendon  and  Diamond  Hill  Roads, 
intensifying  in  the  Lonsdale  and  Valley  Falls  communities  and 
leaving  large  open  spaces  in  the  north  and  central  sections  of  the 
town.  The  other  towns  in  the  Rhode  Island  portion  of  the  impact 
area— Lincoln,  North  Smlthfield  and  Burrillville — are  less 
developed  and  are  experiencing  fewer  growth  pressures. 

In  the  Massachusetts  portion  of  the  impact  area,  existing 
development  closely  follows  State  Route  122  and  the  Providence  and 
Worcester  Railroad.  A  comparatively  intense  stretch  of 
development  for  an  area  essentially  rural  in  character  lies 
between  Uxbridge  Center  and  Whitinsville  and  runs  along  the 
Mumford  River  between  the  towns  of  Uxbridge  and  Northbrldge.  Most 
other  lands  in  this  portion  of  the  impact  area  either  remain  as 
open  space  or  have  been  developed  at  rural  densities. 

Most  development  in  the  primary  impact  area  (defined  as  the 
flood  plain  associated  with  the  design  flood  and  the  areas  to  be 
flooded  by  possible  reservoir  construction)  is  concentrated  in  the 


lower  reaches  of  the  Blackstone  amidst  the  heavily  developed  areas 
of  Pawtucket,  Central  Palls  and  their  suburbs.  In  Pawtucket  and 
Central  Falls  nearly  all  of  the  Blackstone's  available  flood  plain 
has  been  fully  developed,  primarily  by  industrial  and  commercial 
users.  Immediately  upstream  of  this  area  are  some  150  to  200 
acres  of  undisturbed  marshland  (the  Valley  Marshes),  but  the 
Blackstone  again  loses  most  of  its  flood  plain  near  the  Lonsdale 
section  of  Cumberland— In  this  instance  to  a  variety  of 
commercial,  industrial,  residential  and  transportation  uses. 

Above  Pratt  Dam  in  Lonsdale  and  on  to  Woonsocket  most  of  the 
available  flood  plain  Is  vacant.  However,  three  industiial 
complexes  are  located  along  this  stretch:  the  Berkeley  Industrial 
Park  at  Martin  Street,  of  which  some  65  acres  (Including  5 
industrial  plants,  a  ball  field  and  some  vacant  land)  are  located 
immediately  within  the  flood  plain,  the  Owens-Coming  Fiberglass 
Company  at  Ashton;  and  the  Berkshire-Hathaway  Mill  Complex  at 
Albion. 

Within  the  remaining  flood  plains  of  the  main  stem,  the  only 
significant  concentration  of  development  is  in  Millville, 
Massachusetts,  where  the  Loumac  Combing  Company  and  a  number  of 
single  family  residences  along  State  Route  122  are  subject  to 
recurring  flood  damages.  Below  this  stretch,  the  flood  plain  is 
fairly  narrow  and,  in  Woonsocket,  previous  channel  improvement  and 
local  protection  projects  have  withdrawn  nearly  all  of  the  natural 
flood  plain  from  potential  project  impact.  Above  Millville  there 
is  a  significant  amount  of  vacant  flood  plain  that  includes  a 
considerable  amount  of  marshlands  unsuitable  for  development. 

Along  the  tributaries  extending  out  to  the  State's  proposed 
Nlpmuc  Water  Supply  Reservoir,  existing  flood  plains  are  fairly 
narrow.  Along  the  Branch  River,  which  has  been  dammed  to  create 
the  Slatersvllle  Reservoir,  most  of  the  available  flood  plains  are 
vacant,  though  in  several  cases  they  have  been  developed  by 
industrial  and,  to  a  lesser  extent,  residential  users.  The  flood 
plains  of  the  Pascoag  and  Nlpmuc  Rivers  remain  generally 
unencumbered.  Near  the  Nlpmuc,  however,  residences  have  been 
built  along  Round  Top  Road  and,  to  a  lesser  extent.  Brook  and 
Sherman  Roads. 

In  its  lower  reaches,  the  Mumfoid  River  flows  through  a 
corridor  of  development  concentrated  at  Whitinsvllle,  North 
Uxbridge  and  Uxbridge  Center.  Along  this  stretch  the  river  is 
straddled  by  a  major  industrial  complex  at  Whitinsvllle  and  by 
Emile  Bernat  &  Sons,  a  textile  plant  in  Uxbridge  Center.  The  only 
appreciable  flood  plain  area  here  is  located  just  above  Carrons 
Pond  and,  with  the  exception  of  several  single  family  houses,  is 
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largely  undisturbed* 

Recreation  -  Public  recreation  lands  in  the  Blackstone  River 
Basin,  including  State  and  local  parks.  State  forests  and 
management  areas,  town  forests,  conservation  commission  lands  and 
private  camps  and  recreation  areas,  total  21,179  acres  or 
approximately  7  percent  of  the  basins  land  resources*  More  than 
half  of  this  land  is  State  owned** 

Very  little  of  this  recreational  acreage  is  along  the 
Blackstone  River,  which  Is  still  of  poor  quality  although  it  is 
considered  suitable  for  canoeing  as  far  south  as  Woonsocket. 

There  are  no  sizable  recreation  facilities  within  the  area 
affected  by  the  Corps  flood  protection  projects  addressed  in  this 
report,  although  there  are  several  small  parks  and  proposed 
conservation  areas.  In  addition,  the  Sayles  Finishing  Company  has 
donated  a  100-150  acre  parcel  to  the  State  of  Rhode  Island  for 
conservation  and  relocation*  This  land  includes  valley  marshes 
and  some  flood  plain  land  along  the  Lincoln  side  of  the 
Blackstone. 

Nipmuc  Reservoir  -  The  considered  State  Nipmuc  Water  Supply 
Reservoir  project  is  located  within  a  sparsely  settled  wooded 
rural  area  that  has  one  public  recreation  facility,  the  Round  Top 
fishing  area.  The  stream  is  annually  stocked  with  trout  and  is 
highly  esteemed  locally. 

Berkeley  Area,  Cumberland,  Rhode  Island  -  There  is  one 
recreation  facility  in  the  immediate  impact  area,  the  city  owned 
Berkeley  Oval  located  just  south  of  Martin  Street.  This  8-acre 
site  contains  a  ball  field,  a  well  station  and  pumping  facility. 
The  facility  appears  to  be  fairly  important  to  the  adjacent 
community  (Cumberland  Planning  Districts  58  and  63)  since  it  is 
the  only  recreational  resource  now  available  in  a  moderately 
growing  area  that  has  projected  recreation  needs  of  21  acres  by 
1980.* 

In  addition,  the  Cumberland  Conservation  Commission  has 
recommended  that  a  strip  of  land  extending  the  length  of  the 
Blackstone  River  be  conserved  to  prevent  further  pollution  of  the 


*The  Outdoor  Recreation  Planning  Group,  Preliminary  Single-Purpose  Plan 
Report:  Outdoor  Recreation  (New  England  River  Basins  Commission: 
September  7,  1973,  p.l.) 

*Rh ode  Island  Development  Council,  Cumberland  Comprehensive  Community 
Plan,  October  1966,  p.58 
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Blackstone  River.**  The  total  land  area  to  be  preserved  would  be 
approximately  20  acres,  with  the  minimum  width  of  the  strip  being 
300  feet.  Recreation  uses  contemplated  include  hiking  trails, 
scenic  sites  for  viewing  the  waterfalls  and  picnicking.  It  is 
hoped  that  conservation  easements  rather  than  outright  acquisition 
can  be  used. 

Transportation  Facilities  -  The  Blackstone  Valley  is  served  by  all 
types  of  transportation.  Rail  service  by  the  Providence  and 
Worcester  Railroad  connects  the  basin  with  Conrail  and  Amtrak  at 
Providence.  Bulk  freight  service  1c  provided  by  main  and  branch 
lines  of  Conrail  while  fast  and  regular  passenger  service  to 
Boston,  New  York  and  Washington  is  furnished  by  Amtrak. 

A  number  of  major  highways  run  through  the  northern  and 
southern  parts  of  the  basin.  Route  146  connects  1-90  near 
Worcester  with  1-296  and  1-95  by  Providence- Pawtucket.  These 
intersect  1-195,  1-495  and  U.S.  6  and  link  the  basin  with  the 
metropolitan  areas  of  Hartford,  New  York  and  Boston.  This 
arterial  network  provides  excellent  transportation  for  the 
trucking  firms  and  Interstate  bus  companies  located  in  this  area. 

Air  transportation  is  provided  at  the  Worcester  Municipal 
Airport  in  Worcester,  Massachusetts,  the  Theodore  Francis  Greene 
State  Airport  in  Warwick,  Rhode  Island  and  the  North  Central  State 
Airport  in  Smlthf ield,  Rhode  Island,  about  7  miles  northwest  of 
Providence.  Most  of  the  waterborne  commerce  needs  of  the  basin 
are  served  by  the  Port  of  Providence,  which  has  a  40-foot  deep 
main  ship  channel. 


**Ibid,  p.68 
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FLOOD  PROBLEMS 


AMD 

FLOOD  MANAGEMENT  NEEDS 

This  section  describes  the  problems  and  needs  of  the  basin, 
their  magnitude,  the  status  of  existing  plans  and  improvements 
desired  by  local  interests.  It  also  presents  hydrologic, 
hydraulic,  flood  and  economic  analyses  of  the  study  area. 

FLOOD  PROBLEMS 

Consistent  with  the  objectives  of  the  Urban  Study  Program, 
the  Blackstone  River  Basin  study  has  employed  a  comprehensive 
approach  to  the  area's  problems  and  needs.  A  preliminary 
assessment  of  problems  has  been  made  using  data  from  completed  or 
ongoing  studies  supplemented  by  information  received  at  public  and 
Informal  meetings  and  from  written  communications.  Identifiable 
water  resources  problems,  as  they  relate  to  existing  and  projected 
conditions,  are  detailed  in  the  following  paragraphs. 

The  study  area  has  experienced  riverine  flooding.  A  primary 
reason  for  this  occurrence  is  the  area's  geographical  location. 

It  is  exposed  to  three  general  types  of  storms,  each  having  its 
own  characteristics.  Coastal  storms  normally  generate  high  winds 
and  heavy  seas,  occasionally  causing  tidal  flooding  of  coastal  and 
estuarine  structures.  Continental  storms  generally  borne  by  the 
prevailing  westerlies  or  localized  storms  can  cause  heavy 
precipitation  and  bring  about  riverine  flooding.  The  area  is  also 
vulnerable  to  hurricanes  of  tropic  origin,  normally  accompanied  by 
heavy  rainfall  which  can  cause  severe  riverine  and  tidal  flooding. 

Flooding  upstream  of  the  Main  Street  Dam  in  the  city  of 
Pawtucket  is  strictly  riverine.  Located  directly  in  the  corridor 
of  the  northeastern  United  States  megalopolis,  this  region  has 
sustained  traumatic  physical  land  changes  primarily  caused  by  an 
expanding  economy,  urbanization  and  an  improved  highway  system. 

The  evolvement  of  these  changes  has  resulted  in  increased  use 
of  the  flood  plains.  One  reason  associated  with  this  trend  is  the 
fact  that  easily  accessible  flood  plains  are  the  most  economical 
areas  to  develop  since  other  available  land  at  nominal  cost  is 
rather  scarce.  Consequently,  random  commercial  and  industrial 
growth  has  tended  to  expand  into  undeveloped  areas  at  the  expense 
of  the  flood  plains.  The  improved  highway  system,  by  providing 
easy  access  to  the  flood  plains,  has  been  a  principal  perpetrator 
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of  this  development*  In  fact,  land  near  or  adjacent  to  the 
transportation  system  has  been  very  vulnerable  to  land 
speculators* 

Rural  communities  once  located  far  from  densely  populated 
areas  are  gradually  falling  prey  to  the  same  expansion  pressures 
as  their  urban  neighbors  and  are  becoming  bedroom  communities  with 
many  amenities  for  urban  workers*  Manufacturing  and  distribution 
firms  seeking  less  crowded  environs  are  following  the  same 
pattern*  Sparsely  populated  forests  and  isolated  flood  plains  in 
the  suburban  and  rural  communities  are  beginning  to  succumb  to  the 
urban  sprawl. 

As  this  urbanization  trend  continues  uncontrolled,  the 
present  flood  problems  in  the  more  densely  populated  areas  will 
not  only  increase  at  a  higher  rate,  but  heavy  losses  exceeding 
earlier  events  can  be  expected  in  some  communities* 

Present  flood  problems  in  this  study  area  are  concentrated  in 
the  more  densely  urbanized  areas  and  generally  decrease  in 
magnitude  in  the  suburban  communities.  In  rural  areas  the  flood 
problems  are  few  and  of  inconsequential  value.  Most  of  the 
existing  flood  problems  have  been  directly  associated  with  loss  of 
natural  valley  storage  by  flood  plain  encroachment;  a  lack  or 
nonenforcement  of  zoning  ordinances;  dam  failures  or  a  lack  of 
periodic  maintenance;  inadequate  channel  capacity  and  a 
lackadaisical  river  channel  maintenance* 

With  the  present  trend  of  uncontrolled  growth  in  flood  prone 
areas,  numerous  localities  will  be  subjected  to  even  greater  flood 
losses  from  recurring  storms.  The  1968  flood  accelerated  and 
expanded  both  Congressional  and  local  interest  In  solving  these 
extensive  flooding  problems  in  the  Blackstone.  As  a  result,  the 
Corps  of  Engineers  has  continued  its  effort  to  develop  a  balanced 
flood  plain  management  program  that  would  afford  flood  relief  to 
areas  subjected  to  continuing  flood  damages  while  also  providing 
for  other  multipurpose  benefits  such  as  water  supply,  recreation 
and  low  flow  augmentation* 

The  Corps  of  Engineers  investigated  several  flood  protection 
actions  in  the  Blackstone  River  watershed  based  upon  the 
recommendations  of  preliminary  studies  conducted  in  1974  by  a 
consulting  engineering  firm*  The  problem  areas  investigated 
included  the  Berkeley  and  Ashton  sections  of  Cumberland,  Rhode 
Island,  a  location  in  Uxbridge,  Massachusetts  and  various  sites  in 
Pawtucket,  Rhode  Island* 

The  communities  which  had  flooding  problems  are  as  follows: 
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Hillburv.  Massachusestts  -  Damage  was  primarily  received  by 
industrial  and  railroad  properties  in  Millbury,  with  smaller 
amounts  of  highway  and  urban  damage. 

In  this  reach,  from  Route  146  to  the  railroad  bridge  just 
downstream  of  Water  Street,  most  of  the  urban  industrial  damage 
occurred  in  the  industrial  areas  along  River  Street,  West  Street 
and  Water  Street. 

Much  of  the  railroad  damage  along  with  some  urban  residential 
undoubtedly  occurred  from  the  railroad  bridge  to  South  Main 
Street. 

In  the  reach  from  South  Main  Street  to  the  former  Hayward- 
Schuster  Dam,  urban  residential  and  commercial  damage  occurred. 

Most  of  the  damage  in  Millbury  from  the  former  Hayward- 
Schuster  Dam  downstream  to  Cross  Street  was  received  by  industry 
and  highways. 

Sutton  -  The  major  damage  in  Sutton  occurred  at  a  chemical 
firm  on  Follett  Street. 

Grafton  -  Only  a  small  amount  of  industrial  and  highway 
damage  occurred  from  Follett  Street  to  the  Saundersvllle  Dam 
reach. 

Nearly  all  of  the  damage  in  Grafton  was  incurred  from  the 
Fisher  Dam  downstream  to  Depot  Street,  including  the  washout  of 
Main  Street  (Rte.  122A)  and  Depot  Street.  The  Fisherville  Mfg. 

Co.  just  south  of  the  dam  was  not  extensively  damaged;  however, 
reports  indicate  that  the  urban  industrial  area  near  it  (at  Main  & 
Cross  Streets)  would  have  been  extensively  damaged  by  flood  stages 
slightly  higher  than  the  1955  flood  crest. 

Northbridee  -  This  community  Incurred  the  largest  total 
losses  of  any  town  on  the  Blackstone  between  Worcester  and 
Woonsocket  in  the  1955  flood. 

In  the  reach  from  the  Graf ton-Northbridge  town  line  to  the 
former  Paul  Whltin  Mfg.  Co.  Dam  in  Rockdale,  there  is  some  urban 
residential  and  industrial  property. 

The  Whltin  Mill  at  the  dam  site  incurred  heavy  damages  even 
though  it  was  not  in  operation  at  the  time.  Recurring  losses  to 
the  Coz  Chemical  Co.,  now  occupying  the  building,  would  be  much 
higher.  In  total,  the  Rockdale  section  around  the  mill  suffered 
over  $500,000  damage  in  1955,  approximately  two-thirds  of  which 


was  commercial-residential 


From  the  former  Paul  Whitin  Dam  to  the  Kupfer  Mill  Dam  at 
Riverdale  Street,  the  largest  single  loss  in  Northbrldge  (over 
$200,000)  occurred*  The  Kupfer  Mill  Dam  itself  washed  out  In  the 
1955  flood  but  has  been  replaced  by  a  gated  dam  structure. 

Uxbridge  -  The  majority  of  damage  in  Uxbridge  was  In  the 
Industrial  and  highway  categories.  The  Rice  City  Pond  Dam  washed 
out  in  the  1955  flood  and  was  replaced  by  the  State  with  a  dam 
having  a  crest  approximately  3  feet  lower  than  the  original  dam. 
Most  of  the  Industrial  damage  occurred  at  the  Stanley  Woolen  Mill 
just  above  Mendon  Street.  A  small  amount  of  urban  damage  was 
recorded  along  Main  Street  and  at  the  intersection  of  River  and 
South  Streets,  in  both  instances  at  the  outer  limits  of  the  flood 
plain. 

Another  major  flood  problem  is  one  of  the  general  overflow  of 
the  Mumford  River  into  the  other  industrial  area  of  Uxbridge. 
Flooding  on  this  river  was  caused  principally  by  backwater  from 
the  Blackstone  River.  The  high  water  marks  listed  were  taken  at 
the  shipping  platform  of  the  Emile  Bernat  and  Sons  Company: 


DATE 

FLOOD  ELEVATION 

ABOVE  GROUND  FLOOR 

4  Nov  1927 

226.4 

10" 

19  Mar  1936 

226.8 

1'  -  2" 

19  Aug  1955 

231.5 

5'  -  11" 

Millville  -  A  large  amount  of  industrial  and  some  urban 
residential  damage  occurred  in  the  area  just  south  of  Central 
Street  along  Route  122  around  the  Loumac  Combing  Company.  This 
area  reportedly  suffered  the  largest  concentration  of  damage  (over 
$1  million  in  total  costs)  on  the  Blackstone  north  of  Woonsocket 
in  1955.  An  industrial  complex  and  a  number  of  residences  were 
affected. 

Blackstone  -  Nearly  all  of  Blackstone's  damages  were  received 
by  rail  and  highway  facilities. 

Cumberland  ^  Lincoln  -  Cumberland  damage  was  largely 
industrial  and  commercial-residential  (urban).  Damage  in  Lincoln 
was  mostly  industrial.  The  area  hardest  hit  in  1955  was  the 
Lonsdale  section  from  just  above  the  Pratt  Dam  to  just  above  John 
Street. 


From  Che  Ashton  Fiberglas  Dam  south  through  the  industrial 
area  south  of  Martin  Street,  there  Is  a  prime  concentration  of  new 
industrial  activity  In  the  flood  plain.  There  are  five  industrial 
plants  in  this  reach,  three  of  which  have  been  built  since  1955. 
Recurring  damages  to  the  Owens-Corning  Fiberglas  Co.  amount  to 
over  $900,000  at  current  price  levels  and  recurring  damages  to  the 
other  four  industries  at  the  foot  of  Martin  Street  amount  to  over 
$2  million.  The  Lonsdale  Drive-In  Theater  is  in  a  flood  prone 
area.  The  Lonsdale  portion  of  this  reach  from  just  above  the 
Pratt  Dam  to  just  above  John  Street  was  the  most  severely  damaged 
in  1955.  There  was  over  $800,000  damage  on  the  Cumberland  side 
and  $540,000  damage  to  two  Industrial  plants  on  the  Lincoln  side. 

The  Pawtucket-Blackstone  Chamber  of  Commerce  submitted  a 
brief  through  proper  channels  supporting  an  application  for  the 
Blackstone  River  Flood  Control  Project  during  March  1971.  In 
addition  to  the  flood  protection  of  major  industries,  this  group 
was  quite  concerned  about  flooding  on  the  recently  completed  42" 
trunkline  sewer  along  the  Blackstone  River  to  the  Woonsocket  city 
line.  The  probability  of  the  destruction  of  this  line  in  a 
repetition  of  the  1955  flood  is  quite  real. 

Another  major  concern  was  the  possibility  of  the  Providence 
and  Worcester  Railroad  line  being  washed  away.  During  the  1955 
flood  (flood  of  record)  the  railroad  track  eroded  in  several 
locations;  in  one  Albion  area  (Lincoln)  the  bridge  crossing  was 
severely  damaged  and  another  location  was  between  Martin  Street 
and  Mendon  Road  where  a  stretch  of  1200  feet  of  track  was 
displaced. 

The  Chamber  of  Commerce  brief  also  stated:  "In  addition  to 
the  great  economic  losses  at  times  of  flooding,  other  serious 
concerns  include  the  damage  and  pollution  of  municipal  water 
supply  wells  along  the  river;  and  the  damage  to  the  Blackstone 
Canal  (recently  declared  a  National  Historic  Site)  which  is  a 
valuable  historic  and  recreational  resource." 

Lower  Cumberland  -  The  left  bank  of  this  reach  extending  from 
the  Sayles  Finishing  Dam  at  Broad  Street  to  the  Pawtucket  city 
line  Incurred  a  very  small  amount  of  urban  damage  in  the  1955 
flood. 

Central  Falls  -  Damage  to  the  right  bank  in  Central  Falls  was 
mixed  urban  and  industrial  (about  $350,000  in  physical  losses  at 
1955  price  levels),  occurring  mostly  between  the  two  railroad 
bridges  at  the  downstream  end  of  this  reach  where  the  flood  limits 
extended  as  far  as  up  High  Street  in  some  areas. 
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-Pawtucket  -  Greatest  Losses  In  Pawtucket  were  concentrated 
on  the  right  bank  in  the  commercial  area  around  Roosevelt  and  Main 
Streets.  Physical  losses  here  amounted  to  $340,000  at  1955  price 
levels.  The  area  has  since  been  part  of  an  urban  renewal  project 
and  changes  in  damage  estimates  are  reflected  in  the  recorded 
data. 


Following  are  some  excerpts  from  newspapers  of  the  day  that 
were  quoted  in  the  report  entitled  "Flood  Plain  Information, 
Blackstone  River,  Cumberland,  Lincoln,  Central  Falls  and 
Pawtucket,  Rhode  Island,  June  1971":  "...Blackstone  Ri /er  reached 
its  highest  flood  stage  in  history,  the  river  rose  3-1/?.  inches 
per  hour  (between  12:45  a.m.  to  1:45  a.m.)..." 

In  Central  Falls: 


"...residents  between  the  Blackstone  River  and  High  Streets 
were  alerted  to  evacuate..." 


In  Lincoln: 

"...North  of  John  Street  a  Drive-In  Theater  being  built  was 
filled  with  water..." 


In  Pawtucket: 

"...All  buildings  on  the  riverside  of  Roosevelt  Avenue  to  the 
old  police  station  reported  flooding... 

...Uater  ran  over  the  retaining  wall  Just  south  of  the 
Exchange  Street  bridge  and  flooded  the  Municipal  Building  area... 

. . .Slater  Mill  threatened. . .water  filled  the  basement  and 
covered  the  first  floor..." 

Losses  from  the  most  recent  big  flood,  that  of  March  1968, 
were  held  down  by  the  West  Hill  flood  control  dam.  Nevertheless, 
damages  did  occur.  The  following  newspaper  excerpts  describe  a 
few  sites  that  were  affected  by  the  near  record  crests  of  the 
Blackstone  River. 

"...The  Pawtucket  Water  Department  faced  an  emergency  as 
water  from  the  Blackstone  River  flooded  its  water  purification 
plant  in  Cumberland. . • 

...In  Pawtucket .  the  Blackstone  River  was  6.5  feet  above 
normal  and  there  was  extensive  damage  in  city  streets... 
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•••The  Sayles  Finishing  Plant  Complex  off  Walker  Street  in 
Lincoln  was  hard  hit..* 

...The  warehouse  of  Roger  Williams  Grocery  Co.  off  Mountain 
Street  in  Cumberland  was  surrounded  by  6  feet  of  water... 

...Mendon  Road  in  Cumberland  from  the  Lincoln  town  line  to 
Broad  Street  was  closed  after  it  became  inundated. .. 

...Flood  conditions  forced  closing  of  the  westbound  lanes  of 
the  George  Washington  Highway  from  the  Cumberland  line  to  the  H  & 
H  Screw  Co.  in  Lincoln 

...Also  closed  because  of  flooding  was  the  Martin  Street 
bridge  in  Cumberland. . . 

...In  Central  Falls,  cellars  were  flooded  in  15  homes  in 
Notre  Dame  Plat  adjacent  to  the  Blackstone  River... 

...Several  small  industries  and  the  large  Lonsdale  Bleacherr 
Complex  were  inundated  by  f loodwaters. . ." 


IMPROVEMENTS  DESIRED 


Local  Support  and  Desires  -  To  afford  Individual  citizens, 
municipal  and  State  officials  and  other  Federal  agencies  an 
opportunity  to  present  their  views  and  desires  concerning  the  need 
and  extent  of  improvements  on  flood  reduction  measures  and  other 
interrelated  water  oriented  resources,  four  public  hearings  on  9, 
12,  15  and  22  May  1969  were  held  at  the  initiation  of  the  study. 
Though  these  four  public  hearings  were  Intended  to  cover  the 
entire  Pawtucket  River  and  Narragansett  Bay  Drainage  Basin  (PNB) 
study  area,  as  mandated  by  seven  Congressional  Resolutions,  two  of 
these  hearings  were  held  in  Providence,  Rhode  Island  and  Uxbridge, 
Massachusetts  -  two  areas  contiguous  to  the  Blackstone  River 
Basin. 

All  interested  parties  were  invited  to  be  present  or 
represented  at  these  hearings,  including  representatives  of 
Federal,  State,  county  and  municipal  agencies,  and  those 
commercial,  industrial,  civic,  highway,  rail,  water, 
transportation,  flood  control  and  other  Interests  and  property 
owners  concerned.  They  were  afforded  full  opportunity  to  express 
their  views  concerning  the  character  and  extent  of  the 
improvements  desired  and  the  need  and  advisability  of  their 
execution.  Sponsors  of  improvement  measures  were  urged  to  present 
pertinent  factual  material  bearing  upon  the  general  plans  of 
Improvement  desired  and  to  give  detailed  supporting  data  on  the 
economic  justification  of  the  undertaking.  Opposing  interests 
were  also  urged  to  state  the  reasons  for  their  position. 

Oral  statements  were  heard  and,  for  accuracy  of  the  record, 
all  Important  facts  and  arguments  were  submitted  in  writing,  some 
handed  to  the  hearing  officer  and  others  mailed  to  his  office. 

Most  of  the  attendees  supported  and  concurred  in  this  study. 
Excerpts  from  the  record  which  reflect  their  general  at li;  ides 
follow: 


a.  Roland  Messier,  Mayor  of  Central  Falls,  Inquired  why  they 
have  recently  had  yearly  threats  as  far  as  floodwaters  throughout 
Central  Falls  when,  prior  to  the  dams  constructed  in  Woonsocket, 
they  had  none.  He  also  noted  that  since  Improvements  have  been 
undertaken  up  north,  the  problem  has  been  getting  worse  down 
south. 


r 
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b.  Eugene  Jeffers,  City  Engineer  from  Pawtucket  and 
representing  the  Mayor,  suggested  that  a  study  be  undertaken 
concerning  sedimentation  In  the  channel  In  the  Pawtucket  area*  He 
added  that  dredging  and/or  deepening  the  channel  In  conjunction 
with  the  removal  of  one  or  two  dams  and  the  Installation  of 
another  type  of  control,  such  as  the  bastile  dam,  might  allow  more 
water  to  pass  through  Pawtucket,  decreasing  some  of  the  water 
levels  to  the  north* 

c*  Selectman  George  St*  Martin,  town  of  Northbridge,  spoke 
about  the  annual  problem  of  flooding  In  his  area*  He  pointed  out 
the  main  problem  might  be  due  to  silt  built  up  along  the  river  and 
of  the  dams  that  are  no  longer  being  used*  He  was  in  favor  of 
removing  some  of  them,  and  possibly  relieving  some  of  the 
flooding.  He  also  expressed  his  discontent  with  the  Army 
Engineers'  lack  of  concern  about  the  Blacks tone  River  In  his  area* 

d.  Paul  X.  Tlvnan,  County  Commissioner  from  Paxton, 
presented  and  discussed  10  recommendations  formulated  by  the 
County  Commissioners.  These  recommendations  were  a  result  of  an 
In  depth  study  on  the  severity  of  potential  floods  due  to  spring 
thaws. 


e.  Jules  Gadoury,  Selectman  from  the  town  of  Blackstone, 
commented  on  how  the  West  Hill  and  the  Woonsocket  flood  control 
projects  have  left  the  communities  in  between  caught  In  the 
middle,  since  it  seems  that  the  riverflow  has  increased.  He  was 
pleased  to  see  the  study  undertaken  and  that  recreational  and 
environmental  aspects  were  considered.  He  also  hoped  the  Corps 
would  undertake  small  project  studies  in  the  immediate  area  from 
St.  Paul  Street  Bridge  up  to  Rolling  Dam. 

f.  John  Molony,  Selectman  of  the  town  of  Millville, 
expressed  his  discontent  at  the  lack  of  Immediate  action  such  as 
dredging,  which  would  be  a  simple  solution  to  75  percent  of  the 
problem. 

g.  Bob  Burotano,  resident  of  the  town  of  Northbridge,  also 
expressed  his  discontent  with  the  lack  of  action  after  all  the 
studies  that  have  been  done. 

h.  Peter  Larsen,  resident  of  Blackstone,  talked  about  flood 
damages  due  to  poor  land  use. 

1*  George  Peterson,  Chairman  of  Board  of  Selectmen  from 
Grafton,  strongly  urged  completion  of  the  study  in  order  to  bring 
any  improvement  which  will  reduce  the  threat  to  industry  and 
citizens  along  the  river. 
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j.  Mr.  Uelock,  from  Uxbridge,  emphasized  conservation  of  the 
Uxbridge  ares  as  a  valuable  and  beautiful  area. 

To  supplement  Information  received  at  these  public  meetings 
and  to  fully  evaluate  and  update  the  inventory  of  the  flood 
problems  and  other  water  resources  needs,  numerous  Informal 
meetings  with  the  State  agencies  and  individuals,  citizens, 
companies  and  plants  vulnerable  to  flooding,  were  Initiated. 

At  first  there  was  a  minimum  amount  of  Interest  from  the 
local  people  since  some  of  them  did  not  or  were  not  aware  of  the 
serious  flood  problems  in  this  valley.  As  the  study  progressed 
and  the  potential  flood  problems  surfaced,  meetings  became  more 
fruitful  with  indications  of  general  support  and  genuine 
willingness  to  participate  in  the  investigation  of  the  study. 

Since  initiation  of  this  basin  study,  additional  requests  for 
Federal  assistance  in  solving  specific  flood  problems  have  been 
requested.  Some  of  the  requests  have  been  considered  under  other 
existing  authorities  available  to  the  Corps  of  Engineers,  such  as 
Section  205  of  the  Flood  Control  Act  of  1948,  as  amended.  Other 
requests  received  and  processed  came  under  the  purview  of  the 
clearing  and  snagging  authority  as  covered  in  Section  208  of  the 
Flood  Control  Act  of  1954,  as  amended. 

Summaries  of  letters  to  the  Corps  are  as  follow: 

26  March  1968  —  Plant  Manager,  Owens-Cornlng  Corp. ,  Ashton, 
Rhode  Island  reported  a  total  loss  of  $100,000  in  damages  after  a 
portion  of  their  plant  was  "under  water"  due  to  flooding 
conditions  on  March  18,  1968. 

28  March  1968  —  Town  Administrator  of  Cumberland  asked  that 
Government  action  be  taken  to  review  their  reach  of  the  Blackstone 
River  for  possible  flood  protection. 

11  April  1969  —  The  Lonsdale  Drive-In  Theater  sustained 
$40,000  damage  due  to  flooding  in  March  1968  and  $10,000  damage 
from  the  flood  of  March  1969.  They  inquired  what  could  be  done  to 
eliminate  these  flooding  conditions. 

19  March  1971  —  A  brief  supporting  an  application  for  a 
Blackstone  River  Flood  Control  Project  was  prepared  by  Robert  F. 
Burns,  Mayor,  city  of  Pawtucket;  Roland  E.  Messier,  Mayor,  city  of 
Central  FallB,  Edward  J.  Hayden,  Administrator,  town  of 
Cumberland;  Barry  J.  Farrands,  Administrator,  town  of  Lincoln;  and 
the  Pawtucket-B lacks tone  Valley  Chamber  of  Commerce  and  was 
distributed  to  the  Honorable  Frank  Light,  Governor,  State  of  Rhode 
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Island;  the  Honorable  John  0.  Pastore,  United  States  Senator,  the 
Honorable  Claiborne  Pell,  United  States  Senator;  the  Honorable 
Fernand  J.  St*  Germain,  United  States  Representative,  1st 
Congressional  District;  and  the  Honorable  Albert  0.  Tienan,  United 
States  Representative,  2nd  Congressional  District*  A  copy  of  this 
brief  was  submitted  to  the  Division  Engineer  (NED)  by  Congressman 
St*  Germain* 

Some  of  the  highlights  from  this  brief  follow: 

1.  The  signatories,  on  behalf  of  their  respective 
communities,  and  on  behalf  of  business  firms  involved, 
respectfully  petitioned  the  State  of  Rhode  Island  and  Government 
of  the  United  States  to  establish  a  specific  project  for  remedies 
from  flooding  on  the  lower  Blackstone  River. 

2.  Their  concern  about  the  damages  from  flooding  have  been 
intensified  by  the  completion  of  a  A 2"  trunkline  sewer  along  the 
Blackstone  River  to  the  Woonsocket  city  line.  The  possibility  of 
the  destruction  of  this  sewerline  in  a  repetition  of  the  1938  or 
1955  floods  is  quite  real*  One  section  of  the  Providence  and 
Worcester  Railroad,  beside  which  the  sewerline  is  laid  was 
completely  washed  away  in  1955. 

3.  In  addition  to  the  great  economic  losses  due  to  flooding, 
other  serious  concerns  include  the  damage  and  pollution  of 
municipal  water  supply  wells  along  the  river;  the  damage  to  the 
Blackstone  Canal  (recently  declared  a  National  Historic  Site) 
which  is  a  valuable  historic  and  recreational  resource.  Realizing 
the  potential  flood  danger,  especially  in  the  low-lying  areas  and 
also  the  encroachment  that  has  occurred  and  continues  to  occur, 
all  the  study  area  communities  along  the  Blackstone  River  have 
applied  for  flood  insurance  assistance  under  the  National  Flood 
Insurance  Program  except  the  town  of  Paxton,  Massachusetts. 

Other  requests  for  improvements  include  channel  modification 
involving  one  or  a  combination  of  the  following  methods: 

a.  Widening,  deepening  and  channel  realignment  of  certain 
stretches  of  river. 

b.  Improvement  of  waterway  areas  at  bridges,  culverts  and  at 
other  constriction  points. 

Selective  planting  and/or  revetment  works  for  alleviating 
erosion  problems. 

d.  Removal  of  vegetation,  overhanging  trees,  shrubs  and 


accumulated  silt  and  debris  at  critical  points* 

Numerous  other  requests  were  made  Involving  the  removal  or 
structural  stabilization  o£  old  dams  as  well  as  the  modification  . 
of  existing  lakes,  ponds  and  reservoirs  to  add  a  measure  of  flood 
protection* 

New  Threat  Added  -  In  1970,  construction  of  a  42"  trunk  sewerline 
from  Lonsdale  to  Woonsocket  was  completed*  Most  of  this  pipeline 
was  laid  along  the  rlverbank  and  Is  almost  entirely  in  the  flood 
zone*  Damage  to  the  sewerline  could  occur  If  there  is  a  flood 
greater  than  the  1968  flood* 

In  the  event  that  a  break  occurred  in  the  sewerline  caused  by 
a  flood,  virtually  every  Industry  that  lies  In  the  Blackstone 
River  Valley  could  be  forced  to  shut  down*  This  would  greatly 
damage  the  economy  In  this  area* 

WITHOUT  CONDITION  PROFILE  -  (The  future  if  no  Federal  action  is 
taken)  -  The  without  condition  alternative  shifts  the  major 
responsibility  and  burden  of  flood  protection  to  those  who  live 
and  work  on  the  flood  plain.  Under  the  without  condition 
alternative,  no  new  regional  or  local  structural  projects  are 
built  as  possible  solutions  to  reduce  flood  damages. 

Without  condition  means  forfeiting  potential  benefits  such  as 
construction  related  jobs,  reduced  fear  of  deaths  or  accidents 
from  flooding,  reduced  flood  damages,  increased  water  supply  and 
additional  possible  water  related  recreational  facilities*  It 
also  means  avoiding  the  adverse  impacts  resulting  from  structural 
solutions. 

For  the  eight  communities  designated  as  susceptible  to  flood 
damage  in  the  future,  the  combined  1970  population  was  167,000. 

The  projected  1990  population  is  179,000,  or  an  increase  of 
12,000.  This  means  that  additional  areas  presently  vegetated  will 
be  turned  into  roads  and  residential  developments.  Some  of  this 
growth  will  likely  occur  in  the  flood  plain. 

The  Flood  Disaster  Prevention  Act  of  1973,  PL  93-234 
established  regulations  for  participating  communities  under  the 
National  Flood  Insurance  Program*  The  communities  Lincoln, 

Central  Falls,  East  Providence,  Providence,  Pawtucket  and 
Woonsocket,  Rhode  Island  and  Blackstone,  Massachusetts  are 
currently  under  the  regular  program.  This  indicates  that  these 
seven  communities  have  established  flood  plain  management 
regulations  aimed  at  reducing  future  flood  losses  within  the  100- 
year  flood  plain.  The  communities  of  Cumberland  and  North 
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Smithfleld,  Rhode  Island  and  Northbrldge,  Uxbridge,  Millville, 
Grafton,  Mlllbury,  Sutton  and  Worcester,  Massachusetts  are  under 
the  "emergency  program"  meaning  they  have  shown  an  intent  toward 
establishing  and  enforcing  the  100-year  flood  limits* 

Existing  structures  within  the  100-year  flood  plain  are 
eligible  for  low  cost  flood  insurance  at  a  highly  subsidized  rate 
within  certain  limits*  Mew  development  within  this  area  is 
allowed,  but  it  must  be  either  elevated  above  the  100-year  flood 
stage,  or  in  the  case  of  commercial  and  industrial  development, 
floodproofed  to  this  elevation.  The  effect  of  this  is  that  future 
damages  due  to  occurrence  of  a  100-year  flood  to  new  development 
will  be  reduced.  However,  damages  due  to  flooding  from  events 
above  the  100-year  and  up  to  the  design  flood  (greater  than  a  500- 
year  storm)  are  expected  to  occur. 

Urbanization  outside  the  flood  plain  will  cause  increased 
runoff  resulting  in  flood  levels  higher  in  the  future  for  a 
recurring  storm  than  in  the  past.  This  means  that  today's  storm 
will  cause  even  greater  damage  in  the  future. 

The  Future  Population  -  The  Southeastern  New  England  (SENE)  Study 
of  Water  and  Related  Land  Resources  has  provided  the  most 
comprehensive  projections  of  population  and  economic  activity  to 
date  for  the  entire  area  encompassed  by  the  Blackstone  Valley. 

The  projections  they  provide  for  the  future  population  of  cities 
and  towns  in  the  region  are  based  on  two  important  considerations: 

1.  They  are  an  allocation  of  the  1972  OBERS  projections  of 
regional  economic  activity  in  the  U.S.  done  for  the  U.S.  Water 
Resources  Council. 

2.  The  allocations  are  based  on  SENE  projections  of  regional 
economic  activity  which  appears,  on  the  surface,  to  be  an 
extrapolation  of  the  recent  southeastern  New  England  trend  toward 
a  service  oriented  export  base  (particularly  for  Boston)  and  the 
continued  shift  away  from  the  textile  manufacturing  base  toward 
the  various  metal  working  and  electrical-mechanical  machine 
industries. 

The  SENE  projections  indicate  a  decrease  in  the  rate  of 
decline  of  urban  areas,  substantial  increases  in  the  population 
and  density  of  the  inner  ring  of  towns  around  these  urban  areas 
(e.g.  Shrewsbury,  Mlllbury,  Auburn,  and  Grafton  around  Worcester, 
and  all  of  the  Rhode  Island  suburban  and  rural  towns  between 
Woonsocket  and  Providence),  and  a  low  to  moderate  growth  rate  for 
the  towns  along  the  middle  reaches  of  the  river  in  Massachusetts. 
The  implication,  in  terms  of  urbanization  and  density,  is  that  the 
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Inner  ring  of  towns  around  the  urban  centers  would  absorb  a 
disproportionately  large  share  of  new  growth,  while  the  outer  ring 
of  toms  substantially  retains  its  rural  nature  with  densities 
under  500  persons  per  square  mile* 

Simple  aging  of  the  populations  of  the  region  surrounding  the 
Blackstone  Valley  can  be  expected  to  produce  dramatic  changes  in 
the  age  composition  and  location  of  the  population  with  resulting 
changes  in  labor  force,  in  nouseholds,  in  land  use,  and  in  demand 
for  water  resources.  The  fact  that  the  aging  of  the  Blackstone 
Valley  population  will  be  similar  to  that  of  the  United  States  is 
reflected  by  the  similarity  in  their  age  compositions. 

Figure  1-3,  United  States  Population  by  Age,  1970-1990,  from 
the  U.S.  Bureau  of  the  Census,  shows  the  broad  outline  of  the 
anticipated  change  as  it  will  occur  in  the  United  States  and  also 
the  Blackstone  Valley.  The  elements  of  the  change  will  Include: 

a.  Decrease  in  the  number  of  teenagers  in  the  population. 

b.  Substantial  increase  in  both  the  percentage  and  absolute 
number  of  young  adults,  say  from  25  to  34  years  old. 

c.  Decrease  in  the  percentage  of  people  45  to  54  years  old. 

d.  Significant  Increase  in  the  percentage  and  absolute 
number  of  senior  citizens,  people  over  65  years  old;  and  perhaps 
most  interestingly, 

e.  Significant  increases  in  the  number  of  younger  children 
resulting  from  the  ultimate  reproduction  of  the  post  World  War  II 
baby  boom. 

Table  1-13  displays  population  projections  for  the  impact 
area  communities  as  determined  by  the  Central  Massachusetts 
Regional  Planning  Commission  and  the  Rhode  Island  Statewide 
Planning  Program  for  their  respective  communities.  The  older 
central  cities  of  Central  Falls  and  Pawtucket  show  continual 
declines  in  population  with  all  other  communities  showing 
increases.  The  greatest  increases  are  expected  in  Lincoln  with 
23.4  between  1975  and  2020,  and  Sutton  with  32.8  percent  between 
1975  and  2000.  The  Rhode  Island  communities  still  remain  more 
densely  settled. 

Future  Floods  -  In  developing  the  flood  picture  of  a  river  basin, 
consideration  should  be  given  to  those  flood  which  have  occurred 
and  to  those  floods  which  could  occur  in  the  future.  The 
following  paragraphs  describe  an  intermediate  regional  flood  and  a 
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1970 


1990 


i 


Millions  of  People 


Age  Span 

75  + 
70-74 
65-69 
60-64 
55-59 
50-54 
45-49 
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
10-14 
5-9 
0-4 


UNITED  STATES  POPULATION  BY  ACE 
1970  AND  1990 

Source:  Statistical  Abstract  of  the  United  States.  1973. 
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FIGURE  1-3 


standard  project  flood  In  the  vicinity  of  Cumberland,  Lincoln, 
Central  Falls  and  Pawtucket,  Rhode  Island*  A  flood  comparable  to 
the  standard  project  flood  can  reasonably  be  expected.  The 
Intermediate  regional  flood  may  be  expected  to  occur  more 
frequently  but  will  not  be  as  severe  as  the  standard  project 
flood. 

Large  floods  have  been  experienced  In  the  past  on  streams  in 
the  general  geographical  and  physlographical  region  of  the  study 
area.  Heavy  storms  similar  to  those  causing  these  floods  could 
occur  over  the  watershed  of  the  Blackstone  River.  In  this  event, 
floods  would  result  on  this  stream  comparable  in  size  with  those 
experienced  on  neighboring  streams.  It  is  therefore  desirable.  In 
connection  with  any  determination  of  future  floods  which  may  occur 
on  the  Blackstone  River,  to  consider  storms  and  floods  that  have 
occurred  in  the  region  on  wstersheda  whose  topography,  watershed 
cover  and  physical  characteristics  are  similar  to  those  of  this 
stream. 

Future  Economy  -  SENE  projections  of  economic  activity  In 
southeastern  New  England  predict  an  overall  continuation  of  the 
basic  decline  In  the  proportionate  Importance  of  manufacturing, 
with  the  exception  of  machinery,  fabricated  metals  and  ordinance, 
and  transportation  equipment;  growth  in  the  financial  and 
government  sector;  and  substantial  growth  in  services.  In  the 
Worce8ter-Fitchburg-Leomln8ter  SENE  subarea,  manufacturing  is 
expected  to  decline  from  a  45.3  percent  shere  of  that  region's 
total  earnings  in  1969  to  37.3  percent  in  1990  and  31.4  percent  in 
2020.  At  the  same  time,  the  service  industries  are  expected  to 
grow  in  their  share  of  total  earnings  from  13.9  percent  in  1969  to 
17.4  percent  in  1990  and  20.3  percent  in  2020,  mostly  in  the  city 
of  Worcester  itself,  which  is  becoming  a  service  center  for  the 
expanding  western  fringe  of  the  Boston  metropolitan  area  in  spite 
of  the  influence  of  Boston  as  regional  center  for  government 
finance,  communication  and  service  activities.  The  Fitchburg- 
Leomlnster  portion  of  this  subarea  is  significantly  more 
manufacturing  based  than  the  city  of  Worcester  itself,  and  is 
expected  to  remain  so. 

Similarly,  in  the  Providence-Pawtucket-Warwick  subarea,  SENE 
predicts  manufacturing's  share  of  earnings  will  decline  from  36.9 
percent  in  1969  to  31.1  percent  in  1990  and  27.2  percent  in  2020, 
while  services  grow  from  15.0  percent  to  17.2  and  19.0  percent  for 
the  same  periods.  Growth  is  also  projected  for  wholesale  and 
retail  trade  and  government,  relative  to  other  industries. 

When  just  the  industries  making  up  the  basic  or  export 
segment  of  the  area  economy  (i.e.  those  who  sell  goods  or  services 


Co  consumers  outside  the  region)  are  examined,  the  shift  to  a 
service  based  economy  is  less  evident,  especially  in  the  Worcester 
area.  Table  1-22,  SENE  Forecasts  of  Industry  Share  of  Regional 
Export  Earnings  1959-1990,  Indicates  each  Industry's  share  of 
total  export  earnings.  Manufacturing  Industries  accounted  for 
nearly  100  percent  of  the  Worcester-Fltchburg-Leomlnster  (WFL) 
subarea's  export  base  in  1959  and  96  percent  of  the  Providence- 
Pawtucket-Warvick  (PPW)  subarea  base  for  the  same  year.  By  1990, 
SENE  expects  that  manufacturing  will  still  comprise  about  96 
percent  of  the  WFL  export  earnings  and  about  80  percent  of  the  PPW 
export  earnings. 

Of  the  manufacturing  Industries  in  Table  1-14  (Regional 
Export  Earnings),  miscellaneous  manufacturing  (primarily  jewelry) 
shows  promise  for  substantial  growth  while  the  metal  working  and 
machinery  industries,  although  losing  in  their  share  of  total 
export  earnings,  still  make  up  a  large  share  of  manufacturing 
earnings.  The  textile  mill  products  exhibit  substantial  decline 
in  regional  importance. 

The  economic  character  of  the  region  surrounding  the 
Blackstone  Valley  appears  likely  to  be  altered  in  the  future  as  a 
result  of  recent  or  impending  large  scale  economic  changes 
resulting  from  the  energy  crisis,  dollar  devaluation, 
restructuring  of  the  northeastern  Unites  States  railroad  syBtem, 
the  closing  or  reduced  activity  of  most  military  bases  in  the 
region,  the  possible  development  of  oil  and/or  gas  resources  on 
Georges  Bank,  and  the  trends  toward  ever  larger  bulk  carriers  for 
ocean  shipping.  The  net  result  of  all  these  changes,  together 
with  the  need  for  substantially  more  jobs,  is  difficult  to 
appraise,  especially  toward  energy  importance  and  consequently 
toward  foreign  trade  in  general. 

Overall,  the  total  picture  appears  to  lead  toward  more 
diversity  in  the  region's  manufacturing.  If  foreign  policy  tends 
toward  trade  expansion,  the  unique  deep-draft  capability  of 
Narragansett  Bay  would  add  to  the  importance  of  the  Blackstone 
Valley,  as  one  of  the  best  rail  routes  to  Narragansett  Bay  from 
the  interior  of  the  Nation.  All  these  changes  indicate 
substantial  demand  for  industrial,  warehousing  and  transportation 
land  in  the  region  surrounding  the  Blackstone. 

The  effects  of  the  predicted  industrial  growth  mix  on  the 
economic  well  being  of  the  watershed's  inhabitants  can  be  measured 
in  the  personal  income  those  industries  are  expected  to  return. 
Figure  1-4,  Total  Personal  Income,  1950  to  2020,  shows  that 
according  to  the  SENE  study,  the  economy  of  the  two  subareas 
comprising  the  Blackstone  Valley  is  expected  to  expand  at  a  rate 
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1950  TO  2020 

SOURCE:  "Southeastern  New  England  Study  of  Water  and  Related  Land 
Resources",  Interim  Report  -  New  Enqland  River  Basins  Commission, 
March,  1973 


significantly  slower  than  the  southeastern  New  England  region  as  a 
whole* 


The  per  capita  personal  income  of  the  watershed's  inhabitants 
will  apparently  converge  toward  the  per  capita  income  level  for 
the  Nation: 


Per  Capita  Personal  Income 


1950 _ 1969 _ 1990 _ 2020 


Amt 

Index 

Amt 

Index 

Amt 

Index 

Amt 

Index 

United  States 

2,065 

1.00 

3,416 

1.00 

6,16  5 

1.00 

14,260 

1.00 

BEA*  Econ.  Area  #4 

2,231 

1.08 

3,696 

1.08 

6,482 

1.05 

14,520 

1.02 

Wore.  SENE  Subarea 

2,245 

1.09 

3,352 

0.98 

6,122 

0.99 

14,128 

0.99 

Prov.  SENE  Subarea 

2,291 

1.11 

3,515 

1.03 

6,281 

1.02 

14,518 

1.02 

*BEA  -  Burea  of  Economic  Analysis 

The  southeastern  New  England  region  (BEA  Economic  Area  #4)  is 
expected  to  decline  in  its  per  capita  income  relative  to  the  U.S. 
from  8  percent  higher  than  the  U.S.  figure  in  1950  and  1969  to 
only  2  percent  higher  in  2020.  The  Providence  subarea  also  has 
enjoyed  a  per  capita  income  higher  than  the  Nation's  (11  percent 
higher  in  1950)  but  is  also  converging  toward  the  U.S.  total.  Per 
capita  income  in  the  Worcester  subarea  is  expected  to  continue  at 
one  to  two  percent  lower  than  that  of  the  Nation. 

Future  Development-  The  imminent  demographic  and  economic  changes 
described  above  can  be  expected  to  create  substantial  demand  for 
the  development  of  land  in  the  Blackatone  region.  It  will  be 
shown  that  the  best  soil  conditions  for  urban  and  industrial 
development  and  for  on  site  water  and  sewage  disposal  lie  close  to 
the  river.  In  addition  a  major  rail  line  lies  along  its  banks, 
and  good  highway  access  in  not  far  away.  As  a  result,  new  growth 
within  the  basin  can  be  expected  to  be  disproportionately 
concentrated  along  the  river  making  both  its  control  and  the 
development  of  its  water  resources  far  more  important  for  the 
future  than  for  the  present. 

In  a  recent  study  financed  and  administered  by  the  Rhode 
Island  and  Massachusetts  Departments  of  Environmental  Management 
and  by  the  Rhode  Island  and  Massachusetts  Historic  Commissions  the 
feasibility  of  developing  a  linear  park  system  along  the 
Blackstone  River  was  investigated.  It  is  hoped  that  the 
development  of  a  river/canal  park  system  for  recreational  purposes 
would  serve  the  needs  of  an  urban  population,  preserve  the  early 
industrial  history  of  the  valley,  retain  the  natural  beauty,  and 
enhance  the  character  and  economic  well-being  of  the  communities 
along  the  river. 
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'  Suaa&ry  of  the  Socio-Economic  Outlook  -  The  prospects  for  economic 
growth  within  the  Blecketone  Valley  appear  to  be  very  different 
for  the  areas  already  substantially  urbanized,  the  suburban  fringe 
areas,  and  the  nonurbanlzed  areas  of  the  watershed.  The  basic 
nature  of  the  growth  in  these  areas  is  a  function  of  the  future 
Industrial  mix  of  the  region,  which  appears  to  be  difficult  to 
appraise  in  anything  other  than  a  speculative  manner  In  light  of 
the  state  of  general  flux  in  national  economic  and  environmental 
policies  and  attitudes. 

Growth  in  the  small  metal  components  industries  traditional 
to  the  region  is  expected  to  occur  within  and  at  the  fringes  of 
the  urbanized  area  because  of  their  relatively  small  demands  on 
land  and  water  resources  and  greater  demand  for  skilled  labor. 

On  the  other  hand,  the  prospect  for  materials  processing 
industries  gaining  a  substantial  share  of  the  region's  resources 
and  generating  an  even  greater  share  of  the  region's  earnings  is 
very  real.  The  greatest  prospects  are  for  the  development  of 
petrochemical  industries  as  the  oil  refining  capacity  of  the 
region  Increases  substantially  and  for  warehouse-transf er 
industries  as  the  unique  deep-draft  bulk  shipping  capabilities  of 
Nerragansett  Bay  are  developed.  The  site  requirements  for  these 
industries  are  markedly  different  from  traditional  regional 
industries  as  they  are  likely  to  need  Individual  sites  of  much 
greater  relative  size,  large  scale  rail  transfer  points  and  large 
volumes  of  process  water.  In  short,  these  industries  seem  ideally 
suited  for  the  wide  sand  and  gravel  terraces  along  the  middle 
reaches  of  the  river  which  are  predominantly  rural  In  their 
character  today. 

The  outlook  then,  is  that  certain  portions  of  the  Blackstone 
Valley,  especially  lands  close  to  the  river,  can  be  expected  to 
become  substantially  urbanized  over  the  next  decade,  1975  to  1985, 
barring  a  major  war  or  depression.  Land  uses  expected  along  the 
river  will  probably  Include  substantial  industrial,  warehousing 
and  transportation  activities  of  regional  and,  possibly,  national 
economic  Importance. 

The  Impact  of  this  on  the  allocation  of  population  throughout 
the  region  could  be  substantial.  There  is  little  doubt  that  the 
suburban  fringes  will  continue  to  grow  at  substantial  rates,  but 
given  the  growing  cost  of  travel  and  the  resulting  desire  of 
people  to  be  close  to  their  jobs,  industrial  development  of  the 
rural  middle  reaches  of  the  river  could  very  well  lead  to  rapid 
"suburbanization"  of  those  lands.  Again,  this  development  is 
likely  to  stay  close  to  the  river  for  good  well  water  supply  and 
sewage  leaching  because  of  the  difficulty  in  developing  the 
glacial  tills  of  the  surrounding  hillsides. 
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City  of  Central  Falls 


Removal  of  over  200  feet  of  sand  and  gravel  bars  and 
protruding  boulders; 

Widening  400  linear  feet  of  channel  by  an  additional  20  feet; 

Removal  of  rubbish  and  debris  and  clearing  of  trees  and  brush 
from  riverbanks; 

Removal  of  snags  from  the  channel. 

Spoil  areas  were  established  for  the  removed  materials,  and  a 
considerable  quantity  of  the  excavated  material  was  utilized  in 
the  construction  of  temporary  protective  dikes.  As  a  result  of 
field  surveys,  other  problems  were  noted  and  recommendations  were 
made  to  the  communities  for  permanent  flood  protection  works. 

Navigation  -  The  existing  Seekonk  River  Navigation  Project 
was  adopted  in  1905  and  modified  in  1909,  1919  and  1922.  It 
consists  of  a  channel  16  feet  deep  from  Red  Bridge,  which  is 
located  about  1.3  miles  upstream  of  Wilkes  Barre  Pier  in  East 
Providence,  to  the  Division  Street  Bridge  in  Pawtucket  —  at  a 
total  distance  of  about  3.4  miles.  The  project  was  completed  in 
1927  at  a  cost  of  $406,000,  $68,000  of  which  was  contributed  by 
local  interests  as  required  under  the  conditions  of  local 
cooperation  for  bulkheaded  spoil  disposal  areas. 

Other  Non~Federal  Projects 

Commonwealth  of  Massachusets  -  Subsequent  to  and  a  result  of 
severe  damages  the  August  1955  flood,  the  Massachusetts  Department 
of  Public  Works,  Division  of  Waterways,  completed  modification  and 
restoration  of  numerous  damaged  projects  within  Massachusetts 
portion  of  the  Blackstone  River  Watershed.  A  synopsis  of 
completed  work  is  as  follows: 

Worcester 

Flood  control  work  for  Beaver  Brook  and  Middle  River  to 
relieve  flooding  in  Webster  Square.  Project  completed  in  August 
1960. 


Stream  channel  improvements  and  reinforced  concrete  box 
culvert  along  Mill  Brook.  Completed  November  1961. 

Stream  channel  improvement  along  West  Tatnuck  Brook. 
Completed  May  1962. 
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Channel  Improvement  at  Marshall  Pond  and  Mill  Brook. 
Completed  November  1964. 

Construction  of  reinforced  concrete  box  culvert  and 
incidental  work  along  Mill  Brook.  Completed  July  1970.  Total 
cost  $652,047. 

Millbury 

Channel  Improvements  along  Kitchen  Brook  and  the  Blackstone 
River  in  the  upstream  portion  of  the  town  of  Millbury.  Completed 
prior  to  1960. 

Grafton 


Channel  Improvement  and  diversion  of  the  Blackstone  River 
near  Pleasant  Street  in  the  village  of  Saunderstown  (Grafton)  into 
two  channels  —  the  existing  channel  plus  a  new  channel  following 
the  old  Blackstone  Canal  alignment  was  completed. 

Repairs  and  renovations  to  Irish  and  Hovey  Dams.  Completed 
April  1977.  Total  cost  $20,050. 

Blackstone 


Replace  bridge  and  construct  flood  contol  wall  and  other 
river  Improvements.  Completed  October  1961.  Total  cost  $227,490. 

Milford 


Channel  improvement  along  Charles  River.  Completed  June 

1967.  Total  cost  $293,248. 

Auburn 

Stream  improvement  along  Boyce  Street  Brook.  Completed  July 

1968.  Total  cost  $108,101. 

Shrewsbury 

Stream  improvements,  reinforced  concrete  box  culverts, 
reinforced  retaining  walls,  concrete  flumes,  reinforced  concrete 
dam,  headwalls,  channel  excavation  and  incidental  work  in  Kings 
Brook.  Completed  May  1970.  Total  cost  $213,791. 

North  Attleboro 

Spillway,  access  ramp  and  facilities  at  Falls  Pond. 
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Completed  October  1972.  Total  cost  $218,999. 

Northbridge 

Reconstruction  of  Kupfer  Dam.  Completed  August  1958. 

Stone  slope  protection  work  at  Rlverdale  Street.  Completed 
April  1962. 

Uxbridge 

Reconstruction  of  Rice  City  Dam. 

Supplementing  these  projects,  the  Division  of  Waterways  has 
also  reconstructed,  since  the  August  1955  flood,  numerous  bridges 
across  the  Blackstone  River  that  were  either  destroyed  or  severely 
damaged.  New  Channel  Improvements  required  by  recent  interstate 
highway  construction  near  and  in  the  vicinity  of  Worcester  have 
also  been  completed. 

State  of  Rhode  Island  -  Other  than  bridges  reconstructed  by 
non-Federal  interests  in  conjunction  with  two  Woonsocket  local 
protective  works,  no  flood  control  projects  have  been  undertaken 
or  completed  by  the  State  of  Rhode  Island. 

Public  -  On  September  9,  1972,  the  Blackstone  River  Watershed 
Association  established  "Project  Zap"  and  launched  the  first  of 
several  phases  In  a  massive  cleanup  campaign  for  the  Blackstone 
River.  On  this  day,  "Project  Zap"  mobilized  10,000  volunteers  to 
remove  more  than  10,000  tons  of  more  obvious  debris  from  a  14-mile 
reach  of  the  Blackstone  River  that  stretches  from  Pawtucket,  Rhode 
Island  to  the  Woonsocket  Falls  Dam  upstream  of  South  Main  Street 
Bridge  in  Woonsocket,  Rhode  Island. 

"Zap  II,"  the  second  of  several  phases  to  cleanup  the 
Blackstone  River,  was  held  in  the  fall  of  1977.  About  1700  tons 
of  debris  was  removed  from  the  Blackstone  River  adjacent  to  the 
communities  of  Blackstone,  Millville,  Uxbridge  and  Northbrldge, 
all  of  which  are  located  In  Massachusetts. 

"Project  Zap"  was  the  first  step  in  a  continuing  community 
effort  to  enhance  the  beauty  of  the  riverbanks  and  river 
environment.  Concurrent  with  this  cleanup  operation,  a  further 
thrust  will  be  made  to  create  and  establish  a  series  of  mlnlstrlp 
or  linear  parks  along  the  flood  plain  area  of  the  river.  This 
would  inaugurate  a  series  of  recreational  sites  and  areas  as  part 
of  the  Interstate  Park  system  and,  possibly,  of  the  National 
Recreational  and  Historic  Parks  managed  by  the  U.S.  Department  of 
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the  Interior.  Such  a  bill  was  Introduced  in  the  U.S.  Congress  by 
Representative  Fernand  St.  Germain,  1st  Congressional  District  of 
the  State  of  Rhode  Island. 


IMPROVEMENTS  DESIRED 

Local  Support  and  Desires  -  To  afford  individual  citizens, 
municipal  and  State  officials  and  other  Federal  agencies  an 
opportunity  to  present  their  views  ...ad  desires  concerning  the  need 
and  extent  of  improvements  on  flood  reduction  measures  and  other 
Interrelated  water  oriented  resources,  four  public  hearings  on  9, 
12,  15  and  22  May  1969  were  held  at  the  initiation  of  the  study. 
Though  these  four  public  hearings  were  Intended  to  cover  the 
entire  Pawtucket  River  and  Narragansett  Bay  Drainage  Basin  (PNB) 
study  area,  as  mandated  by  seven  Congressional  Resolutions,  two  of 
these  hearings  were  held  in  Providence,  Rhode  Island  and  Uxbridge, 
Massachusetts  -  two  areas  contiguous  to  the  Blackstone  River 
Basin. 

All  interested  parties  were  invited  to  be  present  or 
represented  at  these  hearings,  including  representatives  of 
Federal,  State,  county  and  municipal  agencies,  and  those 
commercial,  industrial,  civic,  highway,  rail,  water, 
transportation,  flood  control  and  other  Interests  and  property 
owners  concerned.  They  were  afforded  full  opportunity  to  express 
their  views  concerning  the  character  and  extent  of  the 
improvements  desired  and  the  need  and  advisability  of  their 
execution.  Sponsors  of  improvement  measures  were  urged  to  present 
pertinent  factual  material  bearing  upon  the  general  plans  of 
improvement  desired  and  to  give  detailed  supporting  data  on  the 
economic  justification  of  the  undertaking.  Opposing  interests 
were  also  urged  to  state  the  reasons  for  their  position. 

Oral  statements  were  heard  and,  for  accuracy  of  the  record, 
all  important  facts  and  arguments  were  submitted  in  writing,  some 
handed  to  the  hearing  officer  and  others  mailed  to  his  office. 

Most  of  the  attendees  supported  and  concurred  in  this  study. 
Excerpts  from  the  record  which  reflect  their  general  attitudes 
follow: 


a.  Roland  Messier,  Mayor  of  Central  Falls,  inquired  why  they 
have  recently  had  yearly  threats  as  far  as  floodwaters  throughout 
Central  Falls  when,  prior  to  the  dams  constructed  in  Woonsocket, 
they  had  none.  He  also  noted  that  since  improvements  have  been 
undertaken  up  north,  the  problem  has  been  getting  worse  down 
south. 
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b.  Eugene  Jeffers,  City  Engineer  from  Pawtucket  and 
representing  the  Mayor,  suggested  that  a  study  be  undertaken 
concerning  sedimentation  In  the  channel  In  the  Pawtucket  area.  He 
added  that  dredging  and/or  deepening  the  channel  In  conjunction 
with  the  removal  of  one  or  two  dams  and  the  installation  of 
another  type  of  control,  such  as  the  bastile  dam,  might  allow  more 
water  to  pass  through  Pawtucket,  decreasing  some  of  the  water 
levels  to  the  north. 

c.  Selectman  George  St.  Martin,  town  of  Northbridge,  spoke 
about  the  annual  problem  of  flooding  in  his  area.  He  pointed  out 
the  main  problem  might  be  due  to  silt  built  up  along  the  river  and 
of  the  dams  that  are  no  longer  being  used.  He  was  in  favor  of 
removing  some  of  them,  and  possibly  relieving  some  of  the 
flooding.  He  also  expressed  his  discontent  with  the  Army 
Engineers'  lack  of  concern  about  the  Blackstone  River  in  his  area. 

d.  Paul  X.  Tlvnan,  County  Commissioner  from  Paxton, 
presented  and  discussed  10  recommendations  formulated  by  the 
County  Commissioners.  These  recommendations  were  a  result  of  an 
in  depth  study  on  the  severity  of  potential  floods  due  to  spring 
thaws. 


e.  Jules  Gadoury,  Selectman  from  the  town  of  Blackstone, 
commented  on  how  the  West  Hill  and  the  Woonsocket  flood  control 
projects  have  left  the  communities  in  between  caught  in  the 
middle,  since  it  seems  that  the  rlverflow  has  increased.  He  was 
pleased  to  see  the  study  undertaken  and  that  recreational  and 
environmental  aspects  were  considered.  He  also  hoped  the  Corps 
would  undertake  small  project  studies  in  the  immediate  area  from 
St.  Paul  Street  Bridge  up  to  Rolling  Dam. 

f.  John  Molony,  Selectman  of  the  town  of  Millville, 
expressed  his  discontent  at  the  lack  of  immediate  action  such  as 
dredging,  which  would  be  a  simple  solution  to  75  percent  of  the 
problem. 

g.  Bob  Burotano,  resident  of  the  town  of  Northbridge,  also 
expressed  his  discontent  with  the  lack  of  action  after  all  the 
studies  that  have  been  done. 

h.  Peter  Larsen,  resident  of  Blackstone,  talked  about  flood 
damages  due  to  poor  land  use. 

1.  George  Peterson,  Chairman  of  Board  of  Selectmen  from 
Grafton,  strongly  urged  completion  of  the  study  in  order  to  bring 
any  improvement  which  will  reduce  the  threat  to  industry  and 
citizens  along  the  river. 
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j.  Mr*  Velock,  from  Uxbridge,  emphasized  conservation  of  the 
Uxbridge  area  as  a  valuable  and  beautiful  area. 

To  supplement  information  received  at  these  public  meetings 
and  to  fully  evaluate  and  update  the  inventory  of  the  flood 
problems  and  other  water  resources  needs,  numerous  informal 
meetings  with  the  State  agencies  and  individuals,  citizens, 
companies  and  plants  vulnerable  to  flooding,  were  initiated* 

At  first  there  was  a  minimum  amount  of  interest  from  the 
local  people  since  some  of  them  did  not  or  were  not  aware  of  the 
serious  flood  problems  in  this  valley*  As  the  study  progressed 
and  the  potential  flood  problems  surfaced,  meetings  became  more 
fruitful  with  indications  of  general  support  and  genuine 
willingness  to  participate  in  the  investigation  of  the  study. 

Since  initiation  of  this  basin  study,  additional  requests  for 
Federal  assistance  in  solving  specific  flood  problems  have  been 
requested.  Some  of  the  requests  have  been  considered  under  other 
existing  authorities  available  to  the  Corps  of  Engineers,  such  as 
Section  205  of  the  Flood  Control  Act  of  1948,  as  amended.  Other 
requests  received  and  processed  came  under  the  purview  of  the 
clearing  and  snagging  authority  as  covered  in  Section  208  of  the 
Flood  Control  Act  of  1954,  as  amended. 

Summaries  of  letters  to  the  Corps  are  as  follow: 

26  March  1968  —  Plant  Manager,  Owens-Cornlng  Corp. ,  Ashton, 
Rhode  Island  reported  a  total  loss  of  $100,000  in  damages  after  a 
portion  of  their  plant  was  "under  water"  due  to  flooding 
conditions  on  March  18,  1968. 

28  March  1968  —  Town  Administrator  of  Cumberland  asked  that 
Government  action  be  taken  to  review  their  reach  of  the  Blackstone 
River  for  possible  flood  protection. 

11  April  1969  --  The  Lonsdale  Drive-In  Theater  sustained 
$40,000  damage  due  to  flooding  in  March  1968  and  $10,000  damage 
from  the  flood  of  March  1969.  They  inquired  what  could  be  done  to 
eliminate  these  flooding  conditions. 

19  March  1971  —  A  brief  supporting  an  application  for  a 
Blackstone  River  Flood  Control  Project  was  prepared  by  Robert  F. 
Burns,  Mayor,  city  of  Pawtucket;  Roland  E.  Messier,  Mayor,  city  of 
Central  Falls,  Edward  J.  Hayden,  Administrator,  town  of 
Cumberland;  Barry  J.  Farrands,  Administrator,  town  of  Lincoln;  and 
the  Pawtucket-Blackatone  Valley  Chamber  of  Commerce  and  was 
distributed  to  the  Honorable  Frank  Light,  Governor,  State  of  Rhode 
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Island;  the  Honorable  John  0.  Pa store.  United  States  Senator,  the 
Honorable  Claiborne  Pell,  United  States  Senator;  the  Honorable 
Fernand  J.  St.  Germain,  United  States  Representative,  1st 
Congressional  District;  and  the  Honorable  Albert  0.  Tlenan,  United 
States  Representative,  Pnd  Congressional  District.  A  copy  of  this 
brief  was  submitted  to  the  Division  Engineer  (NED)  by  Congressman 
St.  Germain. 

Some  of  the  highlights  from  this  brief  follow: 

1.  The  signatories,  on  behalf  of  their  respective 
communities,  and  on  behalf  of  business  firms  involved, 
respectfully  petitioned  the  State  of  Rhode  Island  and  Government 
of  the  United  States  to  establish  a  specific  project  for  remedies 
from  flooding  on  the  lower  Blackstone  River. 

2.  Their  concern  about  the  damages  from  flooding  have  been 
Intensified  by  the  completion  of  a  42"  trunkline  sewer  along  the 
Blackstone  River  to  the  Woonsocket  city  line.  The  possibility  of 
the  destruction  of  this  sewerline  in  a  repetition  of  the  1938  or 
1955  floods  is  quite  real.  One  section  of  the  Providence  and 
Worcester  Railroad,  beside  which  the  sewerline  Is  laid  was 
completely  washed  away  In  1955. 

3.  In  addition  to  the  great  economic  losses  due  to  flooding, 
other  serious  concerns  Include  the  damage  and  pollution  of 
municipal  water  supply  wells  along  the  river;  the  damage  to  the 
Blackstone  Canal  (recently  declared  a  National  Historic  Site) 
which  is  a  valuable  historic  and  recreational  resource.  Realizing 
the  potential  flood  danger,  especially  in  the  low-lying  areas  and 
also  the  encroachment  that  has  occurred  and  continues  to  occur, 
all  the  study  area  communities  along  the  Blackstone  River  have 
applied  for  flood  Insurance  assistance  under  the  National  Flood 
Insurance  Program  except  the  town  of  Paxton,  Massachusetts. 

Other  requests  for  improvements  include  channel  modification 
involving  one  or  a  combination  of  the  following  methods: 

a.  Widening,  deepening  and  channel  realignment  of  certain 
stretches  of  river. 

b.  Improvement  of  waterway  areas  at  bridges,  culverts  and  at 
other  constriction  points. 

Selective  planting  and/or  revetment  works  for  alleviating 
erosion  problems. 

d.  Removal  of  vegetation,  overhanging  trees,  shrubs  and 
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accumulated  slit  and  debris  at  critical  points. 

Numerous  other  requests  were  made  Involving  the  removal  or 
structural  stabilization  of  old  dams  as  well  as  the  modification 
of  existing  lakes,  ponds  and  reservoirs  to  add  a  measure  of  flood 
protection. 

New  Threat  Added  -  In  1970,  construction  of  a  42"  trunk  sewerline 
from  Lonsdale  to  Woonsocket  was  completed.  Most  of  this  pipeline 
was  laid  along  the  rlverbank  and  is  almost  entirely  in  the  flood 
zone.  Damage  to  the  sewerline  could  occur  if  there  is  a  flood 
greater  than  the  1968  flood. 

In  the  event  that  a  break  occurred  in  the  sewerline  caused  by 
a  flood,  virtually  every  industry  that  lies  in  the  Blackstone 
River  Valley  could  be  forced  to  shut  down.  This  would  greatly 
damage  the  economy  in  this  area. 

WITHOUT  CONDITION  PROFILE  -  (The  future  if  no  Federal  action  is 
taken)  -  The  without  condition  alternative  shifts  the  major 
responsibility  and  burden  of  flood  protection  to  those  who  live 
and  work  on  the  flood  plain.  Under  the  without  condition 
alternative,  no  new  regional  or  local  structural  projects  are 
built  as  possible  solutions  to  reduce  flood  damages. 

Without  condition  means  forfeiting  potential  benefits  such  as 
construction  related  jobs,  reduced  fear  of  deaths  or  accidents 
from  flooding,  reduced  flood  damages,  increased  water  supply  and 
additional  possible  water  related  recreational  facilities.  It 
also  means  avoiding  the  adverse  impacts  resulting  from  structural 
solutions. 

For  the  eight  communities  designated  as  susceptible  to  flood 
damage  in  the  future,  the  combined  1970  population  was  167,000. 

The  projected  1990  population  is  179,000,  or  an  Increase  of 
12,000.  This  means  that  additional  areas  presently  vegetated  will 
be  turned  into  roads  and  residential  developments.  Some  of  this 
growth  will  likely  occur  in  the  flood  plain. 

The  Flood  Disaster  Prevention  Act  of  1973,  PL  93-234 
established  regulations  for  participating  communities  under  the 
National  Flood  Insurance  Program.  The  communities  Lincoln, 

Central  Falls,  East  Providence,  Providence,  Pawtucket  and 
Woonsocket,  Rhode  Island  and  Blackstone,  Massachusetts  are 
currently  under  the  regular  program.  This  indicates  that  these 
seven  communities  have  established  flood  plain  management 
regulations  aimed  at  reducing  future  flood  losses  within  the  100- 
year  flood  plain.  The  communities  of  Cumberland  and  North 
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Smlthfield,  Rhode  Island  and  Northbrldge,  Uxbridge,  Millville, 
Grafton,  Mlllbury,  Sutton  and  Worcester,  Massachusetts  are  under 
the  "emergency  program"  meaning  they  have  shown  an  Intent  toward 
establishing  and  enforcing  the  100-year  flood  limits. 

Existing  structures  within  the  100-year  flood  plain  are 
eligible  for  low  cost  flood  insurance  at  a  highly  subsidized  rate 
within  certain  limits.  New  development  within  this  area  is 
allowed,  but  it  must  be  either  elevated  above  the  100-year  flood 
stage,  or  in  the  case  of  commercial  and  industrial  development, 
floodproofed  to  this  elevation.  The  effect  of  this  is  that  future 
damages  due  to  occurrence  of  a  100-year  flood  to  new  development 
will  be  reduced.  However,  damages  due  to  flooding  from  events 
above  the  100-year  and  up  to  the  design  flood  (greater  than  a  500- 
year  storm)  are  expected  to  occur. 

Urbanization  outside  the  flood  plain  will  cause  Increased 
runoff  resulting  in  flood  levels  higher  in  the  future  for  a 
recurring  storm  than  in  the  past.  This  means  that  today's  storm 
will  cause  even  greater  damage  in  the  future. 

The  Future  Population  -  The  Southeastern  New  England  (SENE)  Study 
of  Water  and  Related  Land  Resources  has  provided  the  most 
comprehensive  projections  of  population  and  economic  activity  to 
date  for  the  entire  area  encompassed  by  the  Blackstone  Valley. 

The  projections  they  provide  for  the  future  population  of  cities 
and  towns  in  the  region  are  based  on  two  important  considerations: 

1.  They  are  an  allocation  of  the  1972  OBERS  projections  of 
regional  economic  activity  in  the  U.S.  done  for  the  U.S.  Water 
Resources  Council. 

2.  The  allocations  are  based  on  SENE  projections  of  regional 
economic  activity  which  appears,  on  the  surface,  to  be  an 
extrapolation  of  the  recent  southeastern  New  England  trend  toward 
a  service  oriented  export  base  (particularly  for  Boston)  and  the 
continued  shift  away  from  the  textile  manufacturing  base  toward 
the  various  metal  working  and  electrical-mechanical  machine 
industries. 

The  SENE  projections  indicate  a  decrease  in  the  rate  of 
decline  of  urban  areas,  substantial  Increases  in  the  population 
and  density  of  the  inner  ring  of  towns  around  these  urban  areas 
(e.g.  Shrewsbury,  Millbury,  Auburn,  and  Grafton  around  Worcester, 
and  all  of  the  Rhode  Island  suburban  and  rural  towns  between 
Woonsocket  and  Providence),  and  a  low  to  moderate  growth  rate  for 
the  towns  along  the  middle  reaches  of  the  river  in  Massachusetts. 
The  Implication,  in  terms  of  urbanization  and  density,  is  that  the 
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Inner  ring  of  towns  around  the  urban  centers  would  absorb  a 
disproportionately  large  share  of  new  growth,  while  the  outer  ring 
of  towns  substantially  retains  Its  rural  nature  with  densities 
under  500  persons  per  square  mile. 

Simple  aging  of  the  populations  of  the  region  surrounding  the 
Blackstone  Valley  can  be  expected  to  produce  dramatic  changes  in 
the  age  composition  and  location  of  the  population  with  resulting 
changes  In  labor  force.  In  households,  in  land  use,  and  in  demand 
for  water  resources.  The  fact  that  the  aging  of  the  Blackstone 
Valley  population  will  be  similar  to  that  of  the  United  States  is 
reflected  by  the  similarity  in  their  age  compositions. 

Figure  1-21,  United  States  Population  by  Age,  1970-1990,  from 
the  U.S.  Bureau  of  the  Census,  shows  the  broad  outline  of  the 
anticipated  change  as  it  will  occur  in  the  United  States  and  also 
the  Blackstone  Valley.  The  elements  of  the  change  will  include: 

a.  Decrease  in  the  number  of  teenagers  in  the  population. 

b.  Substantial  increase  in  both  the  percentage  and  absolute 
number  of  young  adults,  say  from  25  to  3A  years  old. 

c.  Decrease  in  the  percentage  of  people  45  to  54  years  old. 

d.  Significant  increase  in  the  percentage  and  absolute 
number  of  senior  citizens,  people  over  65  years  old;  and  perhaps 
most  interestingly, 

e.  Significant  increases  in  the  number  of  younger  children 
resulting  from  the  ultimate  reproduction  of  the  post  World  War  II 
baby  boom. 

Table  1-21  displays  population  projections  for  the  impact 
area  communities  as  determined  by  the  Central  Massachusetts 
Regional  Planning  Commission  and  the  Rhode  Island  Statewide 
Planning  Program  for  their  respective  communities.  The  older 
central  cities  of  Central  Falls  and  Pawtucket  show  continual 
declines  in  population  with  all  other  communities  showing 
increases.  The  greatest  increases  are  expected  in  Lincoln  with 
23.4  between  1975  and  2020,  and  Sutton  with  32.8  percent  between 
1975  and  2000.  The  Rhode  Island  communities  still  remain  more 
densely  settled. 

Future  Floods  -  In  developing  the  flood  picture  of  a  river  basin, 
consideration  should  be  given  to  those  flood  which  have  occurred 
and  to  those  floods  which  could  occur  in  the  future.  The 
following  paragraphs  describe  an  intermediate  regional  flood  and  a 
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standard  project  flood  in  the  vicinity  of  Cumberland,  Lincoln, 
Central  Fells  and  Pawtucket,  Rhode  Island.  A  flood  comparable  to 
the  standard  project  flood  can  reasonably  be  expected.  The 
intermediate  regional  flood  may  be  expected  to  occur  more 
frequently  but  will  not  be  as  severe  as  the  standard  project 
flood. 

Large  floods  have  been  experienced  in  the  past  on  streams  in 
the  general  geographical  and  physiographical  region  of  the  study 
area.  Heavy  storms  similar  to  those  causing  these  floods  could 
occur  over  the  watershed  of  the  Blackstone  River.  In  this  event, 
floods  would  result  on  this  stream  comparable  in  size  with  those 
experienced  on  neighboring  streams.  It  is  therefore  desirable,  in 
connection  with  any  determination  of  future  floods  which  may  occur 
on  the  Blackstone  River,  to  consider  storms  and  floods  that  have 
occurred  in  the  region  on  watersheds  whose  topography,  watershed 
cover  and  physical  characteristics  are  similar  to  those  of  this 
stream. 

Future  Economy  -  SENE  projections  of  economic  activity  in 
southeastern  New  England  predict  an  overall  continuation  of  the 
basic  decline  in  the  proportionate  importance  of  manufacturing, 
with  the  exception  of  machinery,  fabricated  metals  and  ordinance, 
and  transportation  equipment;  growth  in  the  financial  and 
government  sector;  and  substantial  growth  in  services.  In  the 
Worcester-Fitchburg-Leominster  SENE  subarea,  manufacturing  is 
expected  to  decline  from  a  45.3  percent  share  of  that  region's 
total  earnings  in  1969  to  37.3  percent  in  1990  and  31.4  percent  in 
2020.  At  the  same  time,  the  service  industries  are  expected  to 
grow  in  their  share  of  total  earnings  from  13.9  percent  in  1969  to 
17.4  percent  in  1990  and  20.3  percent  in  2020,  mostly  in  the  city 
of  Worcester  itself,  which  is  becoming  a  service  center  for  the 
expanding  western  fringe  of  the  Boston  metropolitan  area  in  spite 
of  the  influence  of  Boston  as  regional  center  for  government 
finance,  communication  and  service  activities.  The  Fitchburg- 
Leominster  portion  of  this  subarea  is  significantly  more 
manufacturing  based  than  the  city  of  Worcester  itself,  and  is 
expected  to  remain  so. 

Similarly,  in  the  Providence-Pawtucket-Warwick  subarea,  SENE 
predicts  manufacturing's  share  of  earnings  will  decline  from  36.9 
percent  in  1969  to  31.1  percent  in  1990  and  27.2  percent  in  2020, 
while  services  grow  from  15.0  percent  to  17.2  and  19.0  percent  for 
the  same  periods.  Growth  is  also  projected  for  wholesale  and 
retail  trade  and  government,  relative  to  other  industries. 

When  just  the  industries  making  up  the  basic  or  export 
segment  of  the  area  economy  (i.e.  those  who  sell  goods  or  services 
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Co  consumers  outside  Che  region)  are  examined,  the  shift  to  a 
service  based  economy  is  less  evident,  especially  in  the  Wort  ester 
area.  Table  1-22,  SENE  Forecasts  of  Industry  Share  of  Regional 
Export  Earnings  1959-1990,  indicates  each  industry's  share  of 
total  export  earnings,  Manuf acturing  industries  accounted  for 
nearly  100  percent  of  the  Worcester-Fitchburg-Leominster  (WF1. ) 
subarea's  export  base  in  1959  and  96  percent  of  the  Providence- 
Pawtucket-Warwick  (PPW)  subarea  base  for  the  same  year.  By  19 9f, 
SENE  expects  that  manufacturing  will  still  comprise  about  96 
percent  of  the  WFL  export  earnings  and  about  80  percent  of  the  FPW 
export  earnings. 

Of  the  manuf acturing  industries  in  Table  1-22  (Regional 
Export  Earnings),  miscellaneous  manufacturing  (primarily  jewelry) 
shows  promise  for  substantial  growth  while  the  metal  working  and 
machinery  Industries,  although  losing  in  their  share  of  total 
export  earnings,  still  make  up  a  large  share  of  manufacturing 
earnings.  The  textile  mill  products  exhibit  substantial  decline 
in  regional  importance. 

The  economic  character  of  the  region  surrounding  the 
Blackstone  Valley  appears  likely  to  be  altered  in  the  future  as  a 
result  of  recent  or  impending  large  scale  economic  changes 
resulting  from  the  energy  crisis,  dollar  devaluation, 
restructuring  of  the  northeastern  Unites  States  railroad  system, 
the  closing  or  reduced  activity  of  most  military  bases  in  the 
region,  the  possible  development  of  oil  and/or  gas  resources  on 
Georges  Bank,  and  the  trends  toward  ever  larger  bulk  carriers  for 
ocean  shipping.  The  net  result  of  all  these  changes,  together 
with  the  need  for  substantially  more  jobs,  is  difficult  to 
appraise,  especially  toward  energy  importance  and  consequently 
toward  foreign  trade  in  general. 

Overall,  the  total  picture  appears  to  lead  toward  more 
diversity  in  the  region's  manufacturing.  If  foreign  policy  tends 
toward  trade  expansion,  the  unique  deep-draft  capability  of 
Narragansett  Bay  would  add  to  the  importance  of  the  Blackstone 
Valley,  as  one  of  the  best  rail  routes  to  Narragansett  Bay  from 
the  interior  of  the  Nation,  All  these  changes  indicate 
substantial  demand  for  industrial,  warehousing  and  transportation 
land  in  the  region  surrounding  the  Blackstone, 

The  effects  of  the  predicted  industrial  growth  mix  on  the 
economic  well  being  of  the  watershed's  Inhabitants  can  be  measured 
in  the  personal  income  those  industries  are  expected  to  return. 
Figure  1-22,  Total  Personal  Income,  1950  to  2020,  shows  that 
according  to  the  SENE  study,  the  economy  of  the  two  subareas 
comprising  the  Blackstone  Valley  is  expected  to  expand  at  a  rate 
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significantly  slower  than  the  southeastern  New  England  region  as  a 
whole. 


The  per  capita  personal  income  of  the  watershed's  inhabitants 
will  apparently  converge  toward  the  per  capita  Income  level  for 
the  Nation: 


Per  Capita  Personal  Income 


1950 

1969 

1990 

2020 

Amt  Index 

Amt  Index 

Amt  Index 

Amt  Index 

United  States 

2,065 

1.00 

3,416 

1.00 

6,166 

1.00 

14,260 

1.00 

BEA*  Econ.  Area  #4 

2,231 

1.08 

3,696 

1.08 

6,482 

1.05 

14 , 5  20 

1.02 

Wore.  SENE  Subarea 

2,245 

1.09 

3,352 

0.98 

6,122 

0.99 

14,  128 

0.99 

Prov.  SENE  Subarea 

2,291 

1.11 

3,515 

1.03 

6,281 

1.02 

14,518 

1.02 

*BEA  -  Burea  of  Economic  Analysis 

The  southeastern  New  England  region  (BEA  Economic  Area  # 4)  is 
expected  to  decline  in  its  per  capita  income  relative  to  the  U.S. 
from  8  percent  higher  than  the  U.S.  figure  in  1950  and  1969  to 
only  2  percent  higher  in  2020.  The  Providence  subarea  also  has 
enjoyed  a  per  capita  income  higher  than  the  Nation's  (11  percent 
higher  in  1950)  but  Is  also  converging  toward  the  U.S.  total.  Per 
capita  income  in  the  Worcester  subarea  is  expected  to  continue  at 
one  to  two  percent  lower  than  that  of  the  Nation. 

Future  Development-  The  Imminent  demographic  and  economic  changes 
described  above  can  be  expected  to  create  substantial  demand  for 
the  development  of  land  in  the  Blackstone  region.  It  will  be 
shown  that  the  best  soil  conditions  for  urban  and  industrial 
development  and  for  on  site  water  and  sewage  disposal  lie  close  to 
the  river.  In  addition  a  major  rail  line  lies  along  its  banks, 
and  good  highway  access  is  not  far  away.  As  a  result,  new  growth 
within  the  basin  can  be  expected  to  be  disproportionately 
concentrated  along  the  river  making  both  its  control  and  the 
development  of  its  water  resources  far  more  important  for  the 
future  than  for  the  present. 

In  a  recent  study  financed  and  administered  by  the  Rhode 
Island  and  Massachusetts  Departments  of  Environmental  Management 
and  by  the  Rhode  Island  and  Massachusetts  Historic  Commissions  the 
feasibility  of  developing  a  linear  park  system  along  the 
Blackstone  River  was  investigated.  It  is  hoped  that  the 
development  of  a  river/canal  park  system  for  recreational  purposes 
would  serve  the  needs  of  an  urban  population,  preserve  the  early 
industrial  history  of  the  valley,  retain  the  natural  beauty,  and 
enhance  the  character  and  economic  well-being  of  the  communities 
along  the  river. 


Summary  of  the  Socio-Economic  Out  look  -  The  prospects  for  economi 
growth  within  the  Blackstone  Valley  appear  to  he  very  different 
for  the  areas  already  substantially  urbanized,  the  suburban  fringe 
areas,  and  the  nonurbanlzed  areas  of  the  watershed.  The  basic 
nature  of  the  growth  In  these  areas  Is  a  function  of  the  future 
industrial  mix  of  the  region,  which  appears  to  be  difficult  f  ■ 
appraise  in  anything  other  than  a  speculative  manner  in  light  of 
the  state  of  general  flux  in  national  economic  and  environmental 
policies  and  attitudes. 

Growth  in  the  small  metal  components  industries  traditional 
to  the  region  is  expected  to  occur  within  and  at  the  fringes  of 
the  urbanized  area  because  of  their  relatively  small  uemands  on 
land  and  water  resources  and  greater  demand  for  skilled  labor. 

On  the  other  hand,  the  prospect  for  materials  processing 
industries  gaining  a  substantial  share  of  the  region's  resources 
and  generating  an  even  greater  share  of  the  region's  earnings  is 
very  real.  The  greatest  prospects  are  for  the  development  of 
petrochemical  industries  as  the  oil  refining  capacity  of  the 
region  increases  substantially  and  for  warehouse-transfer 
industries  as  the  unique  deep-draft  bulk  shipping  capabilities  of 
Narragansett  Bay  are  developed.  The  site  requirements  for  these 
Industries  are  markedly  different  frot.  traditional  regional 
Industries  as  they  are  likely  to  need  individual  sites  of  much 
greater  relative  size,  large  scale  rail  transfer  points  and  large 
volumes  of  process  water.  In  short,  these  industries  seem  ideally 
suited  for  the  wide  sand  and  gravel  terraces  along  the  midd’e 
reaches  of  the  river  which  are  predominantly  rural  in  their 
character  today. 

The  outlook  then,  is  that  certain  portions  of  the  Blackstone 
Valley,  especially  lands  close  to  the  ricer,  can  be  expected  to 
become  substantially  urbanized  over  the  next  decade,  197b  to  1985, 
barring  a  major  war  or  depression.  Land  uses  expected  along  the 
river  will  probably  include  substantial  Industrial,  warehousing 
and  transportation  activities  of  regional  and,  possibly,  national 
economic  importance. 

The  impact  of  this  on  the  allocation  of  population  throughout 
the  region  could  be  substantial.  There  is  little  doubt  that  the 
suburban  fringes  will  continue  to  grow  at  substantial  rates,  but 
given  the  growing  cost  of  travel  and  the  resulting  desire  of 
people  to  be  close  to  their  jobs,  industrial  development  of  the 
rural  middle  reaches  of  the  river  could  very  well  lead  to  rapid 
"suburbanization"  of  those  lands.  Again,  this  development  is 
likely  to  stay  close  to  the  river  Cor  good  well  water  supply  and 
sewage  leaching  because  of  the  difficulty  In  developing  the 
glacial  tills  of  the  surrounding  hillsides. 
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FORMULATING  A  PLAN 


A 


The  primary  objective  of  thia  study  is  to  provide,  within  established 
water  resources  guidelines,  a  flood  control  management  program  to  elimi¬ 
nate  or  minimize  flood  losses  in  flood  prone  areas.  The  study  employed  a 
comprehensive  approach  toward  developing  a  plan  to  solve  basin  flood 
problems,  giving  full  consideration  to  wise  utilization  of  basin  water  and 
related  land  resources. 

FORMULATION  AND  EVALUATION  CRITERIA 

In  evaluating  possible  solutions  to  the  flood  management  problems  of 
the  area,  selection  of  a  plan  involved  technical,  economical  and  social 
criteria  including  consideration  of  all  beneficial  and  detrimental  effects 
on  the  environment.  Supplemental  criteria,  while  it  was  not  studied  as 
intensely,  involved  acceptability,  completeness,  effectiveness,  equity, 
irreversible  effects  and  ease  of  maintenance  and  operation.  Inclusion  of 
these  factors  assured  the  selection  of  a  plan  of  improvement  which  repre¬ 
sents  an  acceptable  and  justifiable  solution  that  best  responds  to  the 
problems  and  needs  of  the  area. 

Economic  Criteria  -  The  derivation  of  potential  for  the  various  flood 
control  strategies  examined  followed  certain  economic  guidelines.  Mone¬ 
tary  benefits  were  qualified  solely  for  the  future  avoidance  of  damage  due 
to  flooding.  While  water  supply  potential  was  examined  in  the  analysis  of 
reservoir  sites,  only  costs  attributable  to  flood  control  were  used  as  a 
guide  for  screening  projects  with  favorable  benefit/cost  ratios.  The 
assumption  was  that  the  separable  cost  of  flood  control  construction  must 
be  effective  in  and  of  itself. 

Flood  control  benefits  were  projected  based  on  damage  cost  data 
gathered  by  the  Corps  of  Engineers.  Direct  and  indirect  costs  were 
determined  through  field  surveys.  Except  for  local  protection  projects, 
all  damage  data  for  this  study  were  aggregated  by  town  and  by  land  use. 

Prevailing  price  levels  on  or  about  June  1976  were  used  as  the  base 
for  calculating  all  benefits  and  costs  during  the  early  plan  formulation 
phase.  Benefit/cost  ratios  were  calculated  on  an  annual  charge  basis. 
Federal  construction  costs  were  converted  to  annual  charges  using  current 
discount  interest  rates  for  projects  evaluated  over  their  expected  useful 
life.  In  Appendix  7,  Economics,  annual  charges  and  benefits  for  economi¬ 
cally  feasible  plans  were  updated  using  June  1981  prices  with  a  discount 
interest  rate  of  7-3/8  percent. 

Technical  Criteria  -  Technical  criteria  were  adopted  from  appropriate 
engineering  regulations,  manuals,  pamphlets  and  technical  letters  and 
supplemented  by  engineering  judgment  and  technical  experience.  Basically, 
the  selected  plan  had  to  be  technically  feasibile,  complete  within  itself, 
in  need  of  no  additional  future  improvements  and  an  insurance  against 
significant  worsening  of  any  flood  conditions.  Where  practical,  the 
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alternative  measures  considered  for  urban  areas  were  formulated  In 
accordance  with  Engineering  Circular  1105-2-47,  which  stipulates  that  the 
standard  project  flood  is  an  appropriate  level  of  protection  for  high 
dikes  and  floodwalls  in  urban  areas.  It  also  states  that  if  the  standard 
project  flood  protection  is  unjustified  or  only  marginally  Justified,  the 
level  of  protection  may  be  reduced  to  yield  a  mor^  economically  feasible 
plan  by  utilizing  alternative  flood  damage  reduction  measures.  However, 
reductions  in  the  level  of  protection  below  the  standard  project  flood  are 
to  be  avoided  whenever  possible. 

Environmental  and  Social  Criteria  -  Environmental  and  social  criteria 
utilized  in  considering  the  environmental  quality  objective  and  the  social 
well-being  and  regional  development  accounts  included  the  following 
requirements  of  the  National  Environmental  Policy  Act  of  1969  (Public  Law 
91-190) : 

-  Analysis  of  the  environmental  impact  of  any  proposed  action; 

-  Identification  of  any  adverse  environmental  effects  which  could  be 
avoided  should  the  proposal  be  implemented; 

-  Evaluation  of  alternatives  to  the  proposed  action; 

-  Determination  of  the  relationship  between  local  short  term  uses  of 
man's  environment  and  the  maintenance  and  enhancement  of  long  term 
productivity;  and 

-  Accounting  of  any  irreversible  and  irretrievable  commitments  of 
natural  resources  and  biological  systems  which  would  be  involved  in 
the  proposed  action  should  it  be  Implemented. 

In  order  to  attain  the  environmental  objectives  as  specified  in  the 
Principles  and  Standards,  the  following  factors  were  also  considered: 

-  Management,  protection,  enhancement  or  creation  of  areas  of  natural 
beauty  and  human  enjoyment; 

-  Management,  preservation  or  enhancement  of  particularly  valuable  or 
outstanding  archaeological,  historical,  biological  and  geological 
resources  and  ecological  systems; 

-  Enhancement  of  quality  aspects  of  water,  land  and  air,  but  at  the 
same  time  recognizing  and  planning  for  the  need  to  harmonize 
conservation  of  resources  with  the  land  use  objectives  of  economic 
use  and  development;  and 

-  Development  and  use  of  objectives  which  minimize  or  preclude  the 
possibility  of  undesirable  and  irreversible  changes  in  the  natural 
environment . 

As  mandated  by  Section  122  of  the  River  and  Harbor  Act  of  1970, 
adverse  economic,  social  and  environmental  effects  of  proposed  projects 
received  full  consideration  and  included  the  following: 


-  Effect  of  air  qualitv,  noise  levels  and  water  pollution; 

-  Destruction  or  disruption  of  man-made  and  natural  resources; 


-  Aesthetic  values,  community  cohesion,  and  the  availability  of 
public  facilities  and  services; 

-  Adverse  employment  effects  and  tax  and  property  value  losses; 

-  Injurious  displacement  of  people  and  businesses; 

-  Disruption  of  desirable  community  and  regional  growth;  and 

-  Public  acceptance  of  proposed  improvements  and  ability  and  willing¬ 
ness  to  meet  local  cooperation  requirements. 

These  environmental  and  social  factors  formed  part  of  the  basis  for 
evaluating  alternatives,  corrective  measures  for  the  study  area. 

POSSIBLE  SOLUTIONS 

In  formulating  alternative  measures  a  whole  array  of  regulatory  and 
corrective  measures,  including  a  Without  Condition  was  considered.  These 
measures  were  compared  to  the  base  condition  using  the  criteria  of 
economic  efficiency,  environmental  enhancement  and  social  well-being  and 
were  evaluated  as  acting  either  independently  or  supplementing  one 
another.  These  measures  are  listed  in  Table  2-1.  The  following  para¬ 
graphs  briefly  describe  each  measure  and  the  rationale  us^d  during  the 
screening  processes.  Detailed  descriptions  are  provided  later  in  this 
section  for  those  measures  which  passed  preliminary  screening  aid  were 
further  evaluated. 

Without  Condition  -  The  flood  plains,  long  popular  among  developers,  ma” 
continue  to  provide  sites  for  occasional  construction  until  existing 
Federal  and  State  regulations  are  fully  enforced.  For  the  purpose  of  this 
report,  under  the  Without  Condition  it  is  assumed  that  local  interests 
would  institute  successful  programs  for  'cntrolllng  growth  within  the 
flood  plains  and  would  participate  a  the  National  Flood  Insurance 
Program. 

By  declining  to  participate  In  the  National  Flood  Insurance  Program, 
communities  flood  prone  developments  become  ineligible  to  receive  any 
Federal  funds.  Furthermore,  as  ownership  of  properties  located  In  the 
flood  plain  is  transferred  (as  defined  by  the  Federal  Emergency  Management 
Administration,  (FEMA),  new  homeowners  desiring  financing  from  any 
Federally  Insured  lending  institution  must  first  obtain  flood  insurance. 
According  to  law,  If  the  necessary  Insurance  coverage  is  not  obtained  such 
a  mortgage  cannot  be  advanced  to  the  prospective  buyer. 

However,  by  enrolling  In  the  flood  insurance  program  and  enacting  the 
local  land  use  control  measures  it  requires,  the  Without  Condition  would 
provide  economic  protection  against  physical  losses  for  events  up  to  a 
100-year  frequency  flood.  The  Without  Condition  is  the  most  probable 
future  conditions  likely  to  occur  in  the  absence  of  any  Federal  action 
resulting  from  this  study. 
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TABLE  2-1 


POSSIBLE  SOLUTIONS 

WITHOUT  CONDITION  PROFILE 
(See  Text  for  Definition) 

1.  National  Flood  Insurance  Program 

REGULATORY  MEASURES 

1.  Flood  Plain  Regulations 

a.  Encroachment  Lines 

b.  Zoning 

c.  Subdivision  Regulations 

2.  Land  Use  Programs 

3.  Other  Regulatory  Measures 

a.  Building  Codes 

b.  Urban  Redevelopment 

c.  Tax  Adjustments 

d.  Warning  Signs 

e.  Health  and  Fire  Regulations 

f.  Cleanup  Campaign 

g.  Flood  Forecasting 

h.  Evacuation 

GENERAL  CORRECTIVE  MEASURES 

1.  Reservoirs 

2.  Walls  and  Dikes 

3.  Reservoir  Management  Programs 

4.  Hurricane  Barriers 

5.  Stream  Improvements 


6.  Floodproofing 


Regulatory  Measures  -  Regulatory  measures  do  not  reduce,  eliminate  or 
prevent  flooding  but  instead  they  regulate  or  discourage  the  use  and 
development  of  the  flood  plains,  thus  lessening  the  threat  of  flood  damage 
and  possible  loss  of  life.  Several  regulatory  measures  which  are  non- 
structurally  oriented  and  could  be  applied  to  this  watershed  are  described 
in  the  following  paragraphs: 

National  Flood  Insurance  Program  -  This  program  was  est  .i.ii  i  shed  under 
the  National  Flood  Insurance  Act  of  1968,  expanded  in  the  Flood  disaster 
Protection  Act  of  1973,  and  broadened  and  modified  since  then.  Ft  was 
specifically  designed  to  provide  limited  amounts  of  flood  insurance, 
previously  unavailable  from  private  insurers,  to  property  owner.-:  ‘>v  vans 
of  a  Federal  subsidy.  In  return  for  this  subsidy,  the  Act  requires  that 
State  and  local  governments  adopt  and  enforce  land  use  and  control 
measures  that  will  restrict  future  development  in  flood  prone  areas  in 
order  to  avoid  or  reduce  future  flood  damages.  These  measures  include 
flood  plain  zoning,  careful  siting  and  drainage  preparations,  special 
construcition  practices  and  building  materials,  special  treatment  of 
sewage  disposal  systems  and  elevation  of  the  first  floor  above  the  level 
of  the  100-year  flood  or  in  the  case  of  commercial  and  industrial  develop¬ 
ment,  floodproofing  to  this  elevation.  Flood  Insurance  is  available 
through  local  insurance  agents  only  after  *  community  applies  and  is 
declared  eligible  by  the  Federal  Insurance  and  Hazard  Mitigation  Office  of 
Federal  Emergency  Management  Administration  (FEMA). 

Flood  Plain  Regulations  -  These  are  considered  to  be  the  most 
effective  nonst ructural  means  of  alleviating,  or  reducing  flood  damages. 
They  can  prevent  additional  construction  or,  already  developed  flood  plains 
and  can  be  a  compelling  force  in  avoiding  repetition  of  past  building 
errors.  They  may  be  more  restrictive  than  the  land  use  control  measures 
required  for  part irlpat Ion  in  the  National  Flood  Insurance  Program. 

These  restrictions  require  the  enactment  of  ordinances  as  legal  tools 
to  implement  and  enforce  detailed  plans  resulting  from  land  use  planning 
programs.  The  programs  usually  Involve  the  preparation  of  maps  and 
profiles  which  delineate  the  flood  hazard  areas.  These  are  normally 
provided  by  Federal  agencies  or  consultant  ffrms  so  that  zoning  can  be 
established  by  the  local  community. 

To  fully  explain  their  importance,  the  flood  plain  regulations  have 
been  classified  Into  three  major  categories  and  are  explained  as  follows: 

a.  Encroachment  Lines  -  These  ire  the  lateral  limits,  represented  as 
lines  drawn  on  a  detailed  map,  along  each  side  of  the  watercourse  or  body 
or  water  that  are  required  to  preserve  the  flood  carrying  capacity  of  the 
stream,  as  well  as  to  assure  attainment  of  the  basic  objective  of 
precluding  further  growth  within  the  flood  plains.  The  key  zone  which 
should  be  void  of  obstructions  is  the  floodway  area  (stream  channel  and 
portion  of  the  flood  plain)  required  to  pass  a  large  fl">od.  The  selection 
of  the  floodway,  as  defined  by  FEMA,  is  based  on  the  pri  triple  tint  the 
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area  chosen  for  the  floodway  must  be  designed  to  carry  the  waters  of  the 
100-year  flood  (an  event  having  a  one  percent  chance  of  occurring  or  being 
exceeded  in  any  one  year)  without  increasing  the  water  surface  elevation 
of  that  flood  more  than  one  foot  at  any  point.  Figure  2-1  shows  a 
schematic  presentation  of  the  floodway  concept. 

Within  the  floodway,  no  construction  or  filling  should  be  permitted 
but  the  removal  of  flood  prone  structures,  dams  or  bridges  is  permissible. 
Certain  nonstructural  uses  such  as  parking  lots,  recreational  facilities 
and  agricultural  uses  may  be  allowed.  Generally  this  would  apply  to 
future  development  ns  it  is  impractical  to  enforce  such  a  policy  on 
existing  development.  Adherence  to  this  policy  would  lessen  potential 
flood  losses  as  the  floodway  would  remain  in  a  free  flowing  state. 

The  floodway  fringe  area  consists  of  the  two  strip  areas  along  the 
lateral  limits  of  the  selected  floodway  (usually  the  100-year  flood). 
Encroachment  or  filling  of  the  fringe  area  may  be  permitted  to  the  degree 
that  it  will  not  cause  the  water  surface  of  the  100-year  flood  to  rise 
more  than  one  foot  (or  less  if  so  established  by  State  or  local  regula¬ 
tions)  or  cause  excessive  velocities.  Although  construction  of 
nonresldential  structures  is  allowed  under  the  FEMA  policy,  it  is 
discouraged  due  to  high  flood  Insurance  rates.  However,  should  any 
construction  be  instituted,  floodproofing  to  the  100-year  levels  is 
required  in  accordance  with  the  standards  contained  in  the  Corps  of 
Engineers  Engineering  Pamphlet  1165-2-314,  "Flood-proofing  Regulations." 

b.  Zoning  -  Zoning  is  a  legal  measure  that  State,  county  or  local 
governmental  agencies  can  implement  and  enforce  to  effectively  reduce  the 
flood  damage  potential  of  an  area  in  accordance  with  a  planned  program  of 
development  and  land  use.  Zoning  ordinances  can  designate  the  channel  and 
those  portions  of  the  adjoining  flood  plain  required  for  passage  of  flood- 
water  in  accordance  with  the  degree  of  flood  protection  desired.  Develop¬ 
ment  could  be  permitted  in  the  fringe  areas  of  the  flood  plain  where  water 
is  ponded,  provided  that  adequate  measures  were  taken  to  reduce  the 
potential  damage  consistent  with  the  risk  involved  and  also  provided  that 
no  additional  flooding  or  damages  occur  elsewhere  as  a  result  of  develop¬ 
ment.  These  flooded  areas  may  be  zoned  for  different  types  of  development 
such  as  residential,  commercial,  agricultural,  recreational  or  open  space. 
Zoning  measures  insure  the  safekeeping  of  property  for  the  health,  welfare 
and  safety  of  the  general  public.  Effective  zoning  requires  enforcement 
of  the  zoning  bylaws,  which  in  turn  requires  that  each  bylaw  be  clear, 
concise  and  thorough.  Table  2-2  shows  an  overview  of  flood  plain  zoning. 

c.  Subdivision  Regulations  -  Subdivision  regulations  are  used  by 
local  governments  to  specify  the  manner  in  which  land  may  be  divided  for 
planned  building  development.  Regulations  can  be  adopted  that  state 
requirements  for  street  widths  and  minimum  elevations,  drainage  struc¬ 
tures,  minimum  building  elevations,  size  lots  and  restrictions  on  location 
to  provide  adequate  waterways  for  passage  of  floodflows,  minimizing  flood 
damages . 
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OVERVIEW:  FLOOD  PLAIN  ZONING 
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Effective  subdivision  regulations  ca-  benefit  public  health  and 
welfare  and  also  reduce  municipal  costs  t  ch  as  maintenance  of  street  and 
utilities  during  flood  periods.  Subdivision  regulations  are  generally  a 
means  of  controlling  construction  in  undeveloped  flood  plain  area?..  The 
following  provisions  can  be  added  to  the  regulations  of  a  '■ommunity  to 
help  prevent  flood  damage: 

-  Require  the  location  of  flood  prone  areas  to  be  shown  on  master 
maps; 

-  Delineate  floodway  limits  or  encroachment  lines; 

-  Prohibit  encroachment  in  floodway  or  flood  hazard  areas; 

-  Require  placement  of  streets  and  public  utilities  above  a  selected 
flood  level; 

-  Provide  safe  building  elevations  on  lots  above  selected  floor 
heights  by  means  of  full  or  open  structural  support;  and 

-  Require  installation  of  adequate  drainage  facilities. 

Land  Use  Programs  -  Conservation,  scenic  or  flood  control  restric¬ 
tions  or  easements  may  be  required  for  floodway  or  flood  hazard  areas 
where  little  or  no  development  is  desirable.  Land  use  restrictions  can 
be  used  to  prevent  development  that  would  be  incompatible  with  public 
objectives  while  allowing  continued  private  ownership  of  the  land. 

Certain  future  land  use  rights  such  as  construction  of  buildings  that  are 
not  consistent  with  good  flood  plain  management  could  be  purchased  from 
existing  landowners.  Permitted  existing  uses  could  be  farming,  wildlife, 
recreation  parks  and  woodland.  Land  use  restrictions  may  also  result  in  a 
lowering  of  the  landowner's  tax  assessment.  Table  2-3  shows  an  overview 
of  flood  plain  subdivision  regulations. 

Other  Regulatory  Measures  -  Other  measures  that  can  be  effective  in 
lessening  the  threat  of  flood  losses  and  possible  loss  of  life  are 
described  as  follows: 

a.  Building  Codes  -  The  primary  purpose  of  building  codes  is  to  set 
minimum  standards  for  controlling  the  design,  construction  and  quality  of 
materials  used  in  buildings  and  structures  within  a  given  area  so  that 
life,  health,  property  and  public  welfare  are  safeguarded.  Because  it  may 
be  impractical  to  prevent  building  in  all  areas  subject  to  flooding, 
building  codes  and/or  regulations  can  be  used  to  minimize  structural  and 
subsequent  damages  resulting  from  inundation.  Local  governmental  agencies 
should  adopt  building  restriction  codes  and  regulations  that  would  assist 
in  reducing  future  flood  damages.  These  would  set  forth  standards  for  the 
c instruction  of  buildings  that  can: 

-  Prevent  flotation  of  buildings  from  their  foundations  by  specifying 
adequate  anchorage; 

-  Establish  basement  elevations  and  minimum  first  floor  elevations 
consistent  with  potential  flood  occurences; 
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-  Prohibit  basements  in  those  areas  subject  to  shallow  frequent 
flooding  where  filling  and  slab  construction  would  virtually 
prevent  all  damage; 

-  Require  building  reinforcement  to  withstand  water  pressure  or  high 
velocity  flow  and  restrict  the  use  of  materials  which  deteriorate 
rapidly  in  the  presence  of  water; 

-  Prohibit  equipment,  chemical  storage,  boilers  and  electric  equip¬ 
ment,  for  example,  that  might  be  hazardous  to  life  when  submerged. 
Table  2-4  shows  an  overview  of  flood  plain  building  codes. 

b.  Urban  Redevelopment  -  Urban  redevelopment  gives  communities  an 
opportunity  to  relocate  developments  from  flood  plains  to  secure  areas 
safe  from  floods  and  to  ensure  that  new  construction  in  the  flood  plains 
is  designed  to  withstand  flooding.  Communities  contemplating  or  actual Iv 
planning  urban  redevelopment  should  avail  themselves  of  appropriate 
technical  assistance  so  they  can  enact  proper  and  adequate  zoning 
ordinances. 

c.  Tax  Adjustments  -  Lowering  the  tax  rate  on  land  dedicated  to 
agriculture,  recreation,  conservation  or  other  open  space  uses  is  an 
effective  tool  in  preserving  existing  flood  plains  or  floodways  along 
streams. 

d.  Warning  Signs  -  A  method  which  may  be  used  to  discourage  develop¬ 
ment  is  the  erection  of  flood  warning  signs  in  the  flood  plain  area  or  the 
prominent  posting  'f  previous  high  water  levels.  These  signs  carry  no 
enforcement,  but  simply  serve  to  inform  prospective  buyers  that  a  flood 
hazard  exists. 

Because  warning  signs  could  be  subjected  to  continued  acts  of 
vandalism,  other  methods  of  informing  and  protecting  potential  buyers  of 
the  flood  hazards  could  be  Implemented.  One  type  of  action  is  requiring 
that  all  potential  sellers  of  tangible  property  obtain  from  the  community 
an  affidavit  certifying  the  property  to  be  reasonably  free  from  flood 
hazards. 


e.  Health  and  Fire  Regulations  -  Flood  prone  communities  should  set 
up  a  plan  to  insure  that  health  and  safety  of  citizens  in  the  event  of  a 
flood.  Regulatory  measures  considered  reasonable  for  a  flood  emergency 
should  include  contingency  plans  for: 

-  Temporary  evacuation  of  nubile  and  personal  property  and  livestock 
from  low-lying  areas; 

-  Prevention  of  disease  should  water  supplies  become  polluted  and 
sanitation  facilities  become  inoperative; 
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-  Accessibility  of  the  flood  area  for  fire  fighting  equipment  as  the 
fire  hazard  is  greater  than  normal  in  flooded  areas  duo  to  damaged 
electrical  systems;  and 

-  Emergency  systems  for  reporting  fires  because  the  normal  fire  alarm 
system  is  likely  to  be  damaged  during  flood  periods. 

f.  Cleanup  Campaign  -  Laws  or  ordinances  to  control  the  dumping 
that  encroaches  on  flood  prone  areas  and  legal  means  for  implementing  an 
enforcible  cleanup  campaign  and  for  a  continuing  surveillance  program 
which  could  be  Instituted. 

g.  Flood  Forecasting  -  With  the  advent  of  computer  technology  arc 
advance  weather  forecasting  by  the  National  Weather  Service  of  the 
National  Oceanic  and  Atmospheric  Administration,  reliable,  accurate  and 
timely  forecasts  of  potential  flood  producing  storms  can  be  a  valuable 
asset  In  reducing  property  losses  and  saving  lives. 

h.  Evacuation  -  Bearing  In  mind  the  "flashiness"  of  New  England 
streams,  communities  should  Identify  flood  prone  areas  and  institute  plans 
for  Immediate  evacuation  when  floods  are  forecast.  Individuals  and 
companies  should  incorporate  emergency  plans  for  total  evacuation  to  areas 
of  safe  refuge  and  constantly  update  and  organize  the  personnel  who  carry 
through  such  plans.  Materials  and  equipment  too  cumbersome  to  move  should 
be  located  in  ares  not  susceptible  to  flooding.  Items  of  stock  and 
equipment  that  can  easily  be  moved  or  would  suffer  little  damage  from 
Inundation  should  be  place!  in  areas  of  high  flood  risk. 

Personnel  and  alternates  designated  to  implement  the  evaeulation  plan 
must  fully  understand  their  assignments  and  b<  ready  to  act  within  the 
available  advance  time. 

General  Corrective  Measures  -  Generally,  the  most  practical  and  logical 
way  to  reduce  or  control  floods  and  associated  damages  in  heavily 
urbanized  flood  prone  areas  Is  to  use  corrective  measures  oriented  to 
structural  components.  Highly  urbanized  flood  prone  areas  with  an 
existing  flood  threat  usually  find  regulatory  measures  to  be  either 
extremely  expensive  to  implement  or  of  such  a  nature  that  the  social  and 
environmental  impacts  would  have  an  adverse  effect  of  irreversible 
magnitude  on  the  people,  its  economy  and  the  area  as  a  whole. 

Potential  corrective  measures  evaluated  during  this  study  are  briefly 
described  In  the  following  paragraphs: 

Reservoirs  -  In  New  England  these  usuallv  consisted  of  rolled  earth 
and  rockfilled  structures  for  impounding  uncontrolled  floodwaters.  They 
are  generally  located  at  strategic  points  within  a  watershed  to  provide 
flood  protection  to  downstream  communities.  An  important  factor  relating 
to  reservoirs  that  should  not  he  overlooked  is  their  ability  to  satisfy 
other  needs  such  ns  water  supply  ami  water  oriented  recreation.  Such 
multiple  objectives  result  in  greater  utilization  of  the  available  natural 
. esourres  within  a  wi*  -rOi^n. 
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Walls  and  Dikes  -  This  approach  usually  Involves  a  system  or  a 
combination  of  concrete  floodwalls,  earth-rockf tiled  dikes  and  appurtenant 
facilities  for  confining  floodflows  to  the  channel  or  floodway.  These  are 
generally  referred  to  as  local  protection  projects  because  they  provide 
protection  to  localized,  high  risk  flood  prone  areas. 

Reservoir  Management  Programs  -  Under  certain  conditions  and  barring 
any  legal  constraints,  restrictions  or  conflicts,  some  of  the  major 
existing  water  impoundments  within  a  watershed  can  be  regulated  to  provide 
flood  control  storage.  A  plan  of  operation  sets  the  drawdown  limits,  time 
and  rates  so  that  downstream  flood  problems  are  not  created  and  upstream 
water  rights  are  considered.  The  object  of  reservoir  regulation  is  to 
temporarily  retard  peak  flow  long  enough  to  desynchronize  tributary  flows 
from  the  flood  peaks  on  the  major  rivers,  before  releasing  those  flows  at 
controlled  rates  as  the  flood  danger  passes. 

Hurricane  Barriers  -  This  type  of  measure  can  help  prevent  losses 
caused  by  tidal  flooding.  It  would  consist  of  a  system  of  dikes  and  walls 
and  jetties,  together  with  gates  and  pumping  facilities  located  at  a 
strategic  point,  that  prevent  high  tides  from  intruding  along  the  inland 
waterway . 

Stream  Improvements  -  Where  substantial  flood  damage  can  be 
attributed  to  the  deterioration  or  neglect  of  the  waterways,  a  rehabili¬ 
tation  program  for  improving  channel  conditions  to  increase  their 
hydraulic  efficiency  and  subsequent  flood  carrying  capacity  can  generally 
be  accomplished  by  the  following  measures: 

a.  To  alleviate  frequent  flooding  and  subsequent  flood  losses, 
various  methods  of  channel  restoration  work  could  include: 

-  Possible  elimination  of  abrupt  turns  and  oxbows; 

-  Widening  and  deepening  of  certain  stretches  of  river; 

-  Improvement  of  waterway  areas  at  bridges  and  culverts; 

-  Selective  planting  and/or  revetment  works  for  alleviating  erosion 
problems ; 

-  Removal  of  overhanging  or  uprooted  trees  and  accumulated  debris  at 
critical  points. 

b.  Improving  channels  in  restricted  pondage  areas  by  modification  or 
removal  of  dams  can  also  offer  some  flood  relief  to  critically  high  risk 
flood  prone  areas,  providing  proper  measures  are  taken  to  prevent  exces¬ 
sive  scour  and  siltations. 

c.  The  diversion  of  floodflows  as  a  means  of  bypassing  heavily 
congested  flood  prone  areas  can  provide  an  adequate  to  high  degree  of 
flood  protection  while  minimizing  the  social  and  environmental  impacts. 

Floodproofing  -  This  measure  is  employed  to  render  buildings  and 
contents  in  flood  hazard  areas  less  vulnerable  to  flood  damages.  The 
techniques  include: 
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a.  Permanent  measures  such  as; 


-  Waterproofing  of  basement  and/or  foundation  walls; 

-  Installation  of  subsurface  drain  system  with  pumping  facilities  and 
where  applicable,  anchorage  and  reinforcement  of  floors  and  walls 
and  use  of  water  resistant  interior  materials; 

-  Raising  the  elevation  of  the  structure; 

-  Valving  off  or  termination  of  entering  utilities; 

-  Continuation  of  internal  building  utility  systems; 

-  Protection  for  Immovable  equipment; 

-  Bricking  off  windows  and  relocation  of  entrances;  and 

-  Plans  for  removal  of  stock,  emergency  protection  measures  and  a 
procedure  for  implementating  floodproofing. 

b.  Contingency  measures  which  require  action  to  be  taken  to  make 
them  effective  such  as  manually  closed  sewer  valves  and  removable  bulk¬ 
heads  for  windows,  doors  and  vents. 

c.  Emergency  measures  such  as  sandbagging,  pumping  and  removal  of 
contents  to  higher  elevations  that  are  carried  out  during  floods  according 
to  prior  emergency  plans. 

d.  Permanent  evacuation  of  developed  areas  subject  to  inundation 
accomplished  by  land  acquisition  and  involving  removal  of  structures  and 
relocation  of  the  population  from  such  areas.  These  lands  could  then  be 
returned  to  a  natural  habitat  or  used  for  agriculture,  public  parks,  or 
playground,  or  other  purposes  consistent  with  flood  management  objectives. 

As  an  alternative  measure  in  specific  cases,  the  temporary  evacuation 
of  persons  and  personal  property  could  also  be  accomplished  when  a  flood 
threat  exists.  This  type  of  solution  becomes  more  effective  when  combined 
with  a  reliable  flood  forecasting  system. 

Floodproofing  standards  applied  through  building  codes  and  regula¬ 
tions  to  flood  plain  structures  can  permit  economic  development  in  the 
lower  risk  areas  by  restricting  ^iood  damages  and  other  adverse  effects  to 
acceptable  limits.  Floodproof in,',  requires  adjustment  both  to  structures 
and  to  building  contents  and  involves  keeping  water  out  as  well  as 
reducing  the  effects  of  water  entry.  Such  adjustments  can  be  applied  by 
the  individual  or  as  part  of  collective  action  either  when  buildings  are 
under  construction  or  during  remodeling  or  expansion  of  existing  struc¬ 
tures.  They  may  be  permanent  or  temporary. 

Floodproofing,  like  other  methods  of  adjusting  to  floods,  has  its 
limitations.  In  addition  to  reducing  loss  potentials,  a  main  purpose  of 
floodproofing  habitable  structures  is  to  provide  for  early  return  to 
normalcy  after  floods  have  receded  rather  than  for  continuity  of 
occupancy.  Through  a  false  sense  of  security,  occupants  sometimes  choose 
to  remain  during  a  flood  and  risk  being  stranded  or  losing  their  lives. 
Only  very  substantial  and  self-contained  structures  should  be  occupied 


2-14 


r 


during  a  flood.  Unless  correctly  use,  f loodprouf lng  can  tend  to  increase 
uneconomical  use  of  flood  piains.  If  applied  to  structurally  unsound 
buildings  (l.e.,  closures  and  seals),  It  can  result  in  more  damage  than 
would  occur  without  floodproofing.  It  is  usually  applied  to  individual 
structures,  but  unless  floodproofing  is  also  applied  to  entrance  ways,  it 
is  only  partially  effective  in  an  area  context.  Accordingly,  access  ways 
should  be  passable  at  least  In  floods  up  to  the  magnitude  used  In  setting 
floodproofing  elevations. 

ALTERNATIVES  CONSIDERED  IN  EARLIER  STUDIES 

Corrective  Measures  -  On  the  basis  of  studies  done  in  the  past  many 
potential  areas  were  eliminated  either  by  inspection,  low  benefit/cost 
ratios  or  nonfeasibllity • 

It  should  be  noted  that  the  following  measures  were  judged  on  their 
own  merit  at  this  stage  of  the  analysis,  with  each  measure  considered 
independently.  Only  those  which  provided  an  adequate,  realistic  and 
practical  engineering  solution  and  were  socially  and  environmentally 
acceptable  and  economically  justified  were  reserved  for  more  detailed 
consideration. 

As  the  roles  of  the  Without  Condition  and  all  regulatory  measures  are 
oriented  to  fulfilling  projected  needs  and  to  establishing  appropriate 
measures  for  preventing  or  minimizing  future  flood  problems,  their 
importance  for  further  evaluation,  particularly  as  a  supplement  to 
corrective  measures,  merits  consideration.  Consequently,  both  programs 
were  retained  for  further  analysts  in  all  study  areas. 

The  following  cor:  active  measures  we>'e  analyzed  as  Independent 
components  for  solving  specific  flood  control  problems  and  needs 
pertaining  to  the  basin  (See  Basin  Map,  Plate  D-l): 

Reservoirs  -  Within  the  study  area,  numerous  reservoir  sites  were 
originally  investigated  to  alleviate  flooding  and  also  to  satisfy  other 
needs.  Due  to  the  limited  degree  of  protection  that  reservoirs  could 
provide  to  existing  damage  areas,  the  many  engineering,  social  and 
environmental  constraints  and  the  findings  that  costs  would  far  exceed 
accrued  benefits,  most  of  t’'e  reservoir  sites  considered  were  eliminated 
from  further  evaluation.  Results  of  this  preliminary  analysis  indicated, 
however,  that  three  reservoir  sites  warrant?. 1  further  investigation, 
either  as  single-purpose  flood  control  projects  or  as  multipurpose 
projects.  Three  reservoirs  are  locaced  at  strategic  points  which  would 
provide  the  greatest  amount  of  flood  protection.  They  are  the  Lackey 
Reservoir  located  In  Douglas,  Massachusetts  and  the  Nipmuc  or  its  alter¬ 
nate,  Mapleville,  in  Rurrill vi 1 le ,  Rhode  Island. 
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Studies  of  other  reservoir  sites  (see  Table  2-5)  considered  along  the 
main  stem  in  close  proximity  to  the  damage  centers  indicated  that  such 
sites  would  not  provide  sufficient  floodwater  storage.  In  addition  to 
being  socially  and  environmentally  unacceptable,  all  sites  wer<-  found  to 
be  economically  prohibitive  due  to  land  acquisition  and  relocation  costs 

Understandably,  the  construction  of  any  new  reservoir  is  unpopular 
with  the  public  as  it  inconveniences  the  people,  temporarily  upse-s  the 
community  and  affects  the  sociological,  economic  and  ecological  aspects  of 
the  area.  However,  the  effectiveness  of  the  evaluated  reservoirs  1  • 
reducing  widespread  flooding  and  alleviating  damages  to  communities,  as 
well  as  their  ability  to  satisfy  multiple  objectives  would  result  in 
greater  utilisation  of  the  available  natural  resources  within  the  study 
area. 


Walls  and  Dikes  -  Concrete  walls  and  earth  dikes  generally  referred 
to  as  local  protection  projects  were  deemed  to  be  an  effective  means  for 
providing  flood  protection  to  high  risk  flood  prone  areas  and,  as  a 
result,  were  considered  for  various  communities  in  the  Blackstone  River 
Basin.  Local  protection  studies  Initially  were  based  on  a  design  flood 
equal  to  the  recurring  1955  storm.  Of  nine  sites  studied,  it  was  found 
that  potential  economically  feasible  plans  for  the  development  of  local 
protection  works  may  be  possible  for  Berkeley  (Cumberland,  Rhode  Island) 
and  Uxbridge,  Massachusetts)  and  that  Ashton  (Cumberland,  Rhode  Island) 
should  be  considered  in  future  studies. 

Reservoir  Management  Program  -  The  basic  element  in  r  reservoir 
management  program  Is  provision  of  floodwater  storage  by  lowering  the 
stages  In  existing  reservoirs,  thereby  reducing  peak  flood  discharges  and 
potential  damages.  Within  the  study  area  many  old  mill  dams,  which  were 
once  the  backbone  of  the  manufacturing  concerns  that  hullt  them,  have 
suffered  from  faulty  operating  problems  and  lack  of  periodic  maintenance. 
Some  dams  have  been  abandoned  or  demolished  and  some  impoundments  have 
been  converted  to  limited  recreational  usage. 

The  possibility  of  utilizing  some  of  these  dams  by  controlling  their 
storage  for  flood  control  purposes  was  1 nvestlgated.  Our  investigation 
revealed  that  they  were  not  suitable  for  flood  control.  Most  of  the  dams, 
particularly  the  smaller  ones  controlling  rather  small  drainage  areas, 
have  been  badly  silted,  reducing  their  limited  effective  storage.  Without 
major  modification,  their  value  as  flood  control  measures  would  be 
primarily  in  retarding  the  spring  freshet  and  minor  floodflows.  The 
successful  operation  and  maintenance  of  these  dams  to  bring  about  any 
changes  in  flow  conditions  would  require  purchase  of  the  riparian  rights 
and  operation  by  trained  personnel.  Proper  operation  cannot  be  assured  by 
present  dam  owners. 
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Hurricane  Barriers  -  Under  adverse  storm  conditions,  flooding  along 
the  main  stem  of  the  Blackstone  River  is  not  influenced  by  tides.  Tidal 
flooding  begins  immediately  downstream  of  the  Main  Street  Dam,  located 
just  upstream  of  where  the  Blackstone  River  is  not  subject  to  tidal 
flooding.  No  further  tidal  flood  protection  analysis  was  required. 

Stream  Improvements  -  The  channel  conditions  along  the  Blackstone 
River  have  been  neglected  to  such  a  degree  that  such  a  storm  of  high 
frequency  may  affect  the  profile  of  the  river.  Some  of  the  floods  have 
been  aggravated  by  either  siltation,  rtverbank  and  lowland  encroachment , 
inadequate  bridge  and  culvert  openings  or  general  neglect  in  the  removal 
of  excessive  vegetative  growth  and  accumulated  debris,  particularly 
noticeable  along  the  entire  reach  of  the  Blackstone  River. 

Means  of  remedying  these  conditions  were  evaluated  within  the  realm 
of  four  major  elements:  adequate  controls  for  rubbish  disposal  and 
general  cleanup,  channel  modifications,  removal  of  dams  and  diversion  of 
floodflows  as  covered  in  the  following  text. 

a.  Adequate  Controls  for  Rubbish  Disposal  and  General  Cleanup  -  The 
banks  of  the  Blackstone  River  have  long  been  used  for  open  dumping. 

Recent  environmental  concern  has  renewed  communities  interest  in  general 
riverbank  cleanup.  Both  Massachusetts  and  Rhode  Island  have  enacted 
legislation  designed  to  protect  and  preserve  wetland  areas  (i.e.,  river- 
banks).  The  State  of  Rhode  Island  Freshwater  Wetlands  Act  of  1971 
established  a  permit  program  to  monitor  all  operations  which  would  alter 
existing  wetland  areas.  A  similar  program  was  established  by  Chapter  131- 
Section  40  of  the  Massachusetts  General  Laws  as  amended  by  Chapter  784  of 
the  Acts  of  1972.  However,  local  ordinances,  active  campaigns  and 
enforcement  are  desperately  needed  to  clean  and  maintain  the  Blackstone 
River. 

b.  Channel  Modification  -  Two  local  protection  projects  in  Woon¬ 
socket,  completed  in  1960  and  1963  and  consisting  of  extensive  channel 
improvement  work,  dikes  and  floodwalls,  have  eliminated  flood  damage  in 
most  of  the  Woonsocket  area.  With  completion  of  the  Worcester  Diversion 
Flood  Control  Project  in  1960  extensive  areas  in  Worcester  were  also 
afforded  flood  protection. 

The  Blackstone  River  flows  from  Worcester  to  Pawtucket  through  the 
sites  of  24  existing  or  former  industrial  dams.  Where  these  dams  no 
longer  exist,  the  former  pond  areas  are  either  exposed  or  the  river  has 
assumed  a  channel  or  channels  through  the  accumulated  sediments  behind  the 
former  dams.  In  its  present  course,  the  river  has  formed  shallow  or 
parallel  channels  so  that  any  increase  in  flow  causes  an  immediate  over¬ 
flow  of  low  banks,  and  any  unusual  rise  of  water  results  in  a  wide  spread 
of  very  shallow  water.  This  study  focused  particularly  on  bends  in  the 
river  subject  to  overbank  flooding,  restrictive  bottlenecks  or  populated 
lowlands  which  become  inundated. 
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Because  of  its  history  of  high  flood  damage,  one  area  considered  for 
channel  modification  in  this  study  was  that  reach  of  the  Blackstone  that 
extends  from  Ashton  Dam  to  Pratt  Dam  in  Cumberland-Lincoln,  Rhode  Island. 
As  an  alternative  to  the  local  protection  projects  at  Ashton  Dara  and 
Berkeley,  an  analysis  was  made  of  widening  and  deepening  the  channels  in 
conjunction  with  the  removal  of  Pratt  Dara  and  a  railroad  bridge. 

It  was  found  that  floodwater  surfaces  could  be  lowered  = lightly  hut 
local  protection  would  still  be  required  at  the  two  industrial  areas  of 
Ashton  and  Berkeley,  Cumberland.  A  new  highway  bridge  at  Berkeley  would 
be  needed,  and  without  further  downstream  modifications  (dara  removals) 
flood  levels  would  increase  at  Valley  Falls  Pond,  resulting  in  greater 
damages.  This  channel  modification  was,  therefore,  not  considered 
further. 


c.  Removal  of  Dams  -  Several  dams  along  the  main  stem  of  the 
Blackstone  River  were  analyzed  as  alternative  solutions  to  local  protec¬ 
tion  to  determine  whether  their  removal  would  cause  significant  impact  on 
flood  stages  and  damage  losses. 

Replacement  of  the  Old  Slater  Mill  Dam  -  This  could  serve  as  an 
alternative  solution  to  the  Pawtucket  local  protection  project,  previously 
authorized  in  1944  and  deauthorized  in  1977.  Because  of  its  historical 
significance  (Old  Slater  Ml  LI  was  the  first  successful  cotton  spinning 
mill  in  the  United  States),  the  Pawtucket  Redevelopment  Agency  and  the 
Preservation  Society  have  requested  that  the  pool  behind  the  existing  dam 
be  maintained  for  aesthetic  reasons. 

Removal  of  Pantex  Dam  -  The  removal  Pant  ex  Dam  In  Pawtucket,  Rhode 
Island,  at  river  station  44+00  does  not  appear  to  be  justified  as  a 
separate  element.  Its  removal  wou.i  lower  the  recurring  1955  flood  stage 
only  a  negligible  amount,  generating  little  benefit  to  offset  initial 
first  costs.  It  was  therefore  not  considered  further. 

Removal  of  Sayles  Finishing  Dam  -  Removal  of  the  Sayles  Finishing  Dam 
in  Central  Falls,  Rhode  Island  at  river  station  10+00  would  reduce  the 
flood  stage  an  average  of  3.0  feet  from  the  dam  site  upstream  to  the 
Martin  Street  Bridge  in  Cumberland.  The  dara  removal  would  also  Increase 
velocities  from  c.(  average  of  6.0  to  12.0  feet  per  second  at  the  Broad 
Street  Bridge.  Above  Valley  Falls  Pond  the  velocities  would  increase 
about  one  foot  per  second  up  to  Martin  Street  with  no  change  in  velocities 
occurring  upstream  of  this  reach. 

Initial  construction  costs  for  removal  of  the  dam  include  stone  slope 
protection  from  the  Broad  Street  Bridge  upstream  to  Valley  Falls  Pond  and 
at  Hendon  Road  highway  bridge.  The  estimate  also  includes  an  amount  for 
removal  of  slit  accumulated  behind  the  dam. 
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However,  removal  of  this  dam  would  effectively  drain  Va 1  ley  Falls 
Pond,  an  area  already  acquired  for  conservation  and  recreation  bv  the 
State  of  Rhode  Island.  Problems  relating  to  the  protection  of  the  drained 
pond  area,  the  use  of  the  present  pond  area  as  a  source  of  sprI.iX_er  fire 
protection  and  the  cost  associated  with  the  removal  and  di-~  .  non1  of  exten  ¬ 
sive  silt  deposits  are  other  items  which  required  further  study . 

Removal  of  Pratt  Dam  -  Also  included  in  this  study  was  the  removal  of 
the  currently  ungated  Pratt  Dam  in  Cumberland-Llncoin,  Rhode  Island.  At 
present,  the  riverflow  ha?  bjen  diverted  through  the  gate  structure  of  the 
dam  by  localizing  landfilling  operations,  leaving  the  dam  ineffective 
except  in  periods  of  extreme  flooding.  With  the  approach  channel  to  the 
dam  reopened  and  the  dam  removed,  the  recurring  1955  flood  stage  would  be 
reduced  an  average  of  less  than  one  foot  for  the  reach  of  the  river  from 
the  dam  site  to  Martin  Street  upstream.  An  examination  of  the  damage  data 
for  this  area  Indicates  that  major  damage  occurs  farther  upstream  and  that 
benefits  accrued  to  this  improvement  would  be  insignif leant . 

d.  Diversion  of  Floodwaters  - 

Mill  River  -  The  potential  for  diverting  storm  runoff  from  the  Upper 
Mill  River  watershed  at  Hopedale  to  the  Upper  Charles  River  Basin  was 
investigated.  The  diversion  would  reduce  flood  stages  along  the  Mill 
River  and  the  Blackstone  River  and  could  provide  low  flow  augmentation 
possibilities  for  the  Upper  Charles  River.  The  entire  basin  drainage  area 
of  20  square  miles  is  almost  totally  located  within  Massachusetts.  Its 
shape  is  decidedly  elongated,  being  10  miles  along  with  an  average  width 
slightly  in  excess  of  two  miles.  The  largest  impoundment  within  the  basin 
is  Harris  Pond  Dam  in  the  town  of  Blackstone,  Massachusetts.  The  Harris 
Pond  Dam  failed  and  multiplied  problems  for  the  city  of  Woonsocket  during 
the  1955  record  flood. 

Although  the  basin's  shape  and  close  proximity  to  the  Upper  Charles 
River  appears  to  lend  Itself  to  diversion,  it  was  found  that  diverting 
part  of  the  basin's  runoff  did  not  reduce  flood  stage  significantly  and 
that  cost  exceeded  the  benefits  derived  for  low  flow  augmentation.  In 
addition,  the  city  of  Woonsocket  at  present  uses  Harris  Pond  as  an 
emergency  water  supply  for  their  system  as  well  as  low  flow  facility  for 
World  War  II  Memorial  Park,  and  demands  on  city  supplies  ate  increasing 
rapidly.  For  these  reasons,  this  diversion  was  not  considered  further. 

Valley  Falls  Pond  -  As  an  alternative  to  local  protection  or  dam 
removal  a  diversion  tunnel  was  considered  for  the  Central  Falls-Pawtucket. 
area.  A  tunnel  with  gates  and  inlet  structure  located  at  Valley  Falls 
Pond  could  divert  flows  directly  to  the  Division  Street  area  and 
Pawtucket,  thereby  bypassing  a  high  damage  area.  Benefits  were  not 
sufficient  to  justify  the  cost  of  such  a  project  so  the  diversion  was 
eliminated  from  consideration. 


Floodproofing  -  Floodproofing  was  considered  as  an  alternative 
measure  In  this  study  for  structures  in  the  flood  plain  that  experienced 
damage  from  floodflows  a  few  feet  deep. 

Urban  Redevelopment  -  Urban  redevelopment  presents  an  excellent 
opportunity  for  communities  to  remove  developments  from  flood  plains  and 
place  them  In  secure  areas  and  to  make  sure  that  new  construction  in  flood 
plains  Is  designed  to  withstand  flooding. 

A  community  planning  urban  redevelopment  should  first  submit  a 
request  for  a  flood  plain  information  study  to  their  State  Department  of 
Natural  Resources  or  other  designated  State  agency.  Zoning  ordinances 
based  on  the  study  report  should  then  be  enacted. 

Conclusion  -  The  results,  after  consideration  of  many  possible  solutions, 
show  that  only  a  limited  number  of  measures  met  the  minimum  acceptable 
plan  requirements. 

The  process  of  considering  these  alternatives  further  reveale.d  that 
there  are  eight  projects  worthy  of  more  entailed  analysis.  The  results  of 
this  analysis  are  presented  in  the  follow!  text. 

ALTERNATIVES  CONSIDERED  URTHER 

The  ensuring  step  in  the  plan  selection  an'  formulation  process 
entailed  refinement  of  Individual  measures  that  passed  the  preliminary 
screening  test.  The  next  step  continued  with  a  more  detailed  identifica¬ 
tion  of  the  measures  that  could  provide  an  adequate  degree  of  protection 
to  major  damage  areas. 

Mapleville  Reservoir  -  The  project  would  be  located  in  northwestern 
Rhode  Island  within  the  towns  of  Burrillville  and  Glocester.  The  dam 
would  be  situated  across  the  Chepachet  River  upstream  of  the  upper 
extremities  of  Gilleran  Pond,  or  about  1/4-mile  south  of  the  village  of 
Mapleville.  At  full  flood  control  pool  elevation,  390  feet  NGVD,  the 
reservoir  would  extend  to  the  village  of  Chepachet  at  U.S.  Route  44.  As 
currently  considered,  the  project  would  be  a  multipurpose  facility 
providing,  in  addition  to  flood  control,  an  entirely  new  water-oriented 
recreational  development  to  the  area  (see  Figure  2-2). 

With  the  implementation  of  the  State  Water  Quality  Standards  and 
PL  92-500,  the  Federal  Water  Pollution  Control  Act  as  amended,  this 
stretch  of  the  Chepachet  River,  currently  a  Class  C  stream,  should  be 
upgraded  to  Class  B.  Thus,  the  recreation  storage  could  be  used  as  a 
means  of  satisfying  a  portion  of  the  water  supply  demand.  This  would 
then  mandate  that  the  recreation  usage  would  be  limited  to  noncontact 
aspects.  It  is  estimated  that  a  dependable  yield  of  12  million  gallons  a 
day  (MCD)  could  be  realized  from  such  a  conversion.  This  would,  however, 
necessitate  certain  1  ind  use  resi  r  I  etienr-  and  some  form  of  water  treatment 
system  for  the  proposed  reset'  oir. 


It  Is  unlikely,  however,  that  this  project  could  be  called  upon  to 
meet  immediate  demands  since  the  water  quality  of  the  Nlpmuc  project  Is 
far  superior  to  that  of  the  Chepachet  River.  It  is  primarily  for  this 
reason  that  recreation  was  added  as  a  project  purpose.  Should  ;  L  ’-e 
demonstrated  that  the  water  suprsly  potential  of  t Vs  silt-  a  higher 

priority  than  recreation  and  that  the  water  quality  of  the  Chepachet  River 
is  more  acceptable  than  the  Jlipmuc  River,  then  further  evaluation  of  the 
water  supply  needs  could  be  required. 

The  Mapleville  Reservoir  dam  would  have  a  top  elevation  of  402  feet 
NGVD  and  would  consist  of  a  rolted  earthfill  structure  70  feet  nigh  and 
1,900  feet  in  length  with  a  concrete  chute  spillway  located  on  the  wo... 
abutment.  fit  spillway  crest  elevation  390,  the  reservoir  would  be  capable 
of  impounding  a  total  storage  of  12,700  acre-feet  of  which  6,460  acre- 
feet,  equivalent  to  a  surface  area  of  less  than  410  acres,  would  be  used 
for  recreation  activities.  The  remaining  storage  of  6,240  acre-feet  would 
be  reserved  to  control  an  equivalent  of  6  inches  of  runoff  from  an 
intercepted  drainage  area  of  19.5  square  miles. 

The  reservoir  area  would  be  in  an  open  and  gentle  sloping  valley, 
covered  by  moderate  growth  and  scattered  small  shallow  ponds  at  the  upper 
end  of  the  reservoir  periphery.  The  impoundment  area  is  rural  and 
sparsely  populated;  but  urbanization  has  increased  moderately  along  the 
upper  extremities  in  Chepachet,  a  small  village  located  along  the  four 
lane  Putnam  Pike  (U.S.  Route  44).  At  the  dam  site,  the  terrain  Is  some¬ 
what  narrow  and  steeps tded  with  an  overburden  consisting  mainly  of  sand 
and  gravel  and  no  evidence  of  bedrock. 

Minor  modification  and  2.3  miles  of  relocation  would  be  required  of 
three  local  roads.  Route  102  on  the  westerly  side  would  be  raised  a 
maximum  height  of  approximately  14  feet'  for  a  distance  of  1,000  feet, 
including  reconstruction  of  a  bridge  crossing  Sucker  Brook.  Two  secondary 
roads,  Gazza  and  Douglas  Hook,  would  be  relocated  1.0  and  1.3  miles, 
respectively.  In  addition,  one  small  cemetery  within  the  reservoir  area 
would  require  relocation;  another  within  the  buffer  zone  would  be  waived. 

Total  real  estate  acquisition  would  include  the  outright  purchase  of 
about  570  acres  for  the  dam,  work  arena  and  the  reservoir  area  up  to 
spillway  <  res..  elevation  V).  An  additional  170  acres  would  be  needed  for 
a  300-foot  horizontal  buffer  zone  along  the  periphery  of  the  reservoir 
above  spillway  crest.  A  total  of  40  buildings  would  have  to  be  purchased 
or  relocated,  32  from  within  the  buffer  zone. 

The  economic  benefit/cost  ratio  based  on  flood  control  separable 
costs  at  6-3/8  percent  (FY  77)  Is  0.67.  Consequently  the  project, 
according  to  the  Corps  of  Engineers  criteria,  is  not  economically 
feasible,  does  not  oroduce  any  environmental  benefits  and  will  not  he 
considered  further. 
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MAPLEVILLE  RESERVOIR 

MULTIPLE  PURPOSE 

BURRILLVILLE-CLOCESTER.R 

Lackey  Reservoir  -  The  reservoir  would  be  located  on  the  Mumford 
River  entirely  in  Massachusetts  within  the  towns  of  Douglas,  Uxbridge, 
Sutton  and  Northbridge.  The  dam  site,  straddling  the  Sutton-Northbridge 
town  line  within  the  confines  of  Whitins  Pond  along  the  Mumford  River, 
would  be  located  approximately  1,000  feet  downstream  from  Lackey  Pond  Dam, 
approximately  five  miles  west  of  the  village  of  tfhitinsvt i ie.  As 
considered,  the  project  would  be  multipurpose  with  flood  control  and  water 
oriented  recreation  activities  (see  Figure  2-3). 

The  dam  would  be  a  rolled  earthfill  structure  approximately  64  feet 
high  and  1,900  feet  long  with  a  top  width  of  30  feet.  The  spillway  crest 
would  be  at  elevation  349  feet  NGVD  with  a  10-fc.ot  surcharge  and  5-foot 
freeboard  allowance  setting  the  top  of  the  dam  at  elevation  364.  The 
spillway,  a  concrete  chute  type,  would  be  located  on  the  north -’est  abet¬ 
ment  of  the  dam.  At  spillway  crest  elevation  349  NGVD,  the  opti.nura 
capacity  of  the  reservoir  would  be  16,500  acre-feet,  equivalent  to  a 
surface  area  of  670  acres.  Of  this  amount,  10,650  acre-feet  equivalent  to 
6  inches  of  runoff  from  a  watershed  of  32.3  square  miles,  would  be  allo¬ 
cated  for  flood  control.  The  recreational  pool  at  elevation  330  would 
contain  5,850  acre-feet  of  storage  and  provide  430  acres  of  water  oriented 
recreational  activities. 

The  land  In  the  proposed  reservoir  area  i r  rural  in  character  and 
contains  horaesltns,  tillable  and  nastureland,  woodland  and  developable 
land. 


Preliminary  geological  surveys  indicate  the  dam  site  is  entirely 
wooded  but  readily  accessible.  The  right  abutr-nnt  appears  to  consist  of 
very  bouldery,  sandy  glacial  till  but  may  be  comprised  of  some  sand  and 
gravel.  The  left  abutment  is  composed  of  bouldery  sand  and  gravel.  No 
bedrock  exposures  were  noted  In  the  immediate  vicinity  of  the  spillway 
area. 


Land  acquisition,  including  the  300-foot  buffer  zone,  would  encompass 
an  area  of  935  acres,  of  which  150  acres  would  be  acquired  by  riparian 
rights.  Approximately  60  dwellings  and  two  manufacturing  complexes  would 
be  affected. 

Relocation  would  include  about  0.5  miles  of  Douglas  Road  in  Douglas 
and  Hartford  Street,  North  Street  and  Gelboa  Street.  Route  146  would  be 
raised  and  its  embankment  slopes  protected  by  riprap  armoring.  The 
cloverleaf  intersect!  it  Lackey  Dam  Road  and  Route  146  would  be 
abandoned  at  its  pres.;  t  location  and  a  new  interchange  provided  west  of 
the  reservoir.  Access  to  the  new  interchange  from  the  Fast  Douglas  area 
to  the  south  and  the  Prentice  Corner  area  on  the  north  would  require  the 
construction  of  a  new  roadway  paralleling  the  western  shore  of  the  reser¬ 
voir. 


i 
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Present  estimates  for  the  raising  and  protection  of  Route  146  through 
the  reservoir  are  based  on  its  present  size.  However,  studies  have  been 
conducted  by  the  Massachusetts  Department  of  Public  Works  to  increase  the 
roadway's  capacity  by  widening  it  to  four  lanes. 

Electric  power  transmission  lines  that  pass  through  the  middle  of 
this  project  would  need  to  be  raised,  and  the  gravel  packed  well  that 
supplies  water  to  the  village  of  Whitinsville  would  be  adverse!)  affected. 

The  economic  benef it/c.ost  ratio  based  on  flood  control  separable 
costs  at  d-3/8  percent  (FY  77)  is  0.48.  Therefore,  the  project,  according 
to  the  Corps  of  Engineers  criteria,  is  not  ecunomicaly  feasible,  does  net 
produce  any  environmental  benefits  and  will  not  be  considered  further. 

Nipmuc  River  Dam  and  Reservoir 

a.  Social  and  Economic  Considerations  -  The  project  is  located  in 
the  town  of  Burrillville ,  Rhode  island,  and  extends  upstream  across  the 
Rhode  Is land-Massachuset t.s  State  line  into  the  town  of  Douglas,  Massachu- 
sett.  As  contemplated,  the  reservoir  would  provide  only  a  limited  degree 
of  flood  protection  to  existing  development  along  the  main  stem  of  the 
Blackstone;  it  would  provide  a  somewhat  greater  degree  of  protection  to 
existing  development  along  the  Branch  River  (and  the  Pascoag  and  Nipmuc 
Rivers)  and  the  Mumford  River.  The  construction  of  the  reservoir  would 
reduce  the  average  annual  flood  damages  In  Pawtucket,  Central  Falls, 
Cumberland,  and  Lincoln  by  $247,500  as  detailed  in  Appendix  7,  Economics. 
It  would  also  reduce  damages  by  approximately  S77,000,  or  50  percent,  for 
the  two  towns  located  on  the  Branch  River  (North.  Smithfield  and  Burrill¬ 
ville).  See  Plate  D-2. 

As  considered,  the  Nipmuc  Reservoir  would  be  a  multipurpose  reservoir 
providing  both  flood  control  and  water  supply.  The  reservoir  would  flood 
a  sparsely  settled,  wooded  area  which  is  planned  for  continued  settlement 
at  rural  densities  or  £or  possible  development  as  a  water  supply  source 
and  conservation  area. 

The  topography  of  the  project  site  is  rock  controlled  with  a  mantle 
of  deposits  covering  most  cf  the  area.  The  immediate  neighborhood  of  the 
area,  however,  consists  of  a  mixture  of  vacant  land,  older  single  family 
dwellings,  and  recently  constructed  single  family  dwellings. 


The  Comprehensive  Cornmunitv  Plan  of  the  town  of  Burrillville,  Rhode 
Island  suggests  rural  densities,  while  the  State  Land  Use  Policies  and 
Flan  of  the  State  of  Rhode  Island  proposes  water  supply  and  conservation. 
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The  Reservoir  would  take  approximately  1,200  acres,  with  close  to  95 
percent  situated  in  Burrillville  with  the  remaining  5  percent  in  Douglas. 
As  mentioned  before,  the  area  to  he  flooded  has  been  settled  at  low  or 
"rural"  densities.  Land  takings,  however,  would  include  1:0  acres  of 
developed  residential  homesites  including  close  to  40  residential  struc¬ 
tures.  Vacant  potentially  developable  land  (614  acres),  wetlands  (25 •'O 
acres),  wooded  land  (250  acres),  two  recreational  areas,  and  four  ceme¬ 
teries  would  be  Inundated  by  the  reservoir.  The  two  recreational 
properties  are  located  on  Brook  Road  and  i  >clude  the  Wallnm  T.  >  Rod  and 
Gun  Club,  and  the  Round  Top  Fishing  Area.  Relocations  of  the  cemeteries 
would  be  accomplished  as  part  of  the  oroiect. 

In  addition  to  relocated  residences,  the  inundation  by  the  leser-’ol.- 
would  require  the  relocation  of  1.7  miles  of  Round  Top  Road,  and  0.4  5 
miles  of  Collins  Taft  Road.  Brook  Road  would  be  raised  for  a  length  of 
0.21  miles.  Although  these  relocations  may  require  alternate  routes  wh*i.h 
are  more  circuitous  than  those  routes  th.-*v  replace,  traffic  volume  in  tnis 
area  is  estimated  to  be  quite  low,  so  no  significant  traffic,  flow  or 
related  problems  would  be  expected. 

The  construction  of  the  Niprauc  Reserv-'i1"  and  dam  would  temporarily 
degrade  air  quality,  noise,  traffic,  and  safety  conditions  in  areas 
adjacent  to  construction  and  along  truck  access  routes.  Thes«  impacts 
can  be  reduced  by  specified  sequences  of  acquisition  and  construction. 
Relocation  of  residents  prior  to  the  sta  *■  of  construction  would  reduce 
construction  related  impacts.  Also,  initial  relocations  of  Round  Top  and 
Sherman  Roads  would  provide  bypass  route  permitting  the  separation  of 
community  traffic  from  construction  traffic. 

Construction  of  the  dam  would  require  quantities  of  materials,  such 
as  gravel,  rock,  and  concrete.  Although  the  source  of  these  materials  is 
not  known  it  is  likely  that  truck  access  would  be  from  the  roadway  network 
to  the  south,  due  to  the  presence  of  numerous  sand,  gravel,  and  stone  pits 
to  the  south  of  the  dam  site.  The  various  possible  access  routes  pass 
through  residential  zones  and  built-up  areas  such  as  Graniteville  and 
Harrisville.  These  areas  would  be  subject  to  the  range  of  impacts  asso¬ 
ciated  with  heavy  truck  traffic — degraded  air  quality,  noise,  traffic 
congestion,  and  safety  hazards. 

The  project  would  consist  of  a  rolled  earth  dam  and  dike  at  the 
southwest  end  of  the  dam,  a  chute  type  spillway  in  the  southeast  dam 
abutment  and  outlet  works  consisting  of  a  control  tower,  service  bridge 
and  discharge  outlet. 

The  construction  period  would  take  over  two  years  and  would  require 
fewer  workers  during  initial  and  phase-out  periods  than  during  peak 
periods  of  construction  activities.  Cons iderable  impacts  would  be  felt  if 
large  numbers  of  construction  workers  were  to  move  nearer  construction 
activities  during  the  construction  period.  Potential  effects  on  local 
services,  local  business  establishments,  and  the  housing  market  would  be 
Invest lgated. 
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b.  Estimates  of  Cost 


First  Costs  -  Unit  prices  used  in  estimated  construction  and 
relocation  costs  are  based  on  average  bid  prices  for  similar  work  in  the 
general  area,  adjusted  to  the  June  1976  price  level-  Valuations  of  re?1 
estate  area  based  on  recent  assessments  and  include  additional  costs  for 
resettlement  and  acquisition.  Ml  construction  costs  include  an  allowance 
of  20  percent  for  contingencies.  The  total  cost  oi  the  project  is  esti¬ 
mated  at  $26,357,000.  A  summary  of  the  co9t.  of  the  various  features  of 
the  work  is  given  in  Table  2-6. 

Accrued  interest  during  construction  is  craputei  on  the  basis  of  a 
three  year  construction  period.  This  was  derived  by  multiplying  the  total 
construction  expenditures  by  the  6-3/8  percent  interest  rate,  prevailing 
rate  at  that  time,  and  by  one-half  of  the  three  year  construction  period. 

Annual  Charges  -  A  summary  breakdown  of  annual  charges  is  shown  in 
the  cost  allocation  Table  2-7. 

The  project  was  considered  to  have  an  economic  life  of  100-years. 
Interest  was  computed  at  6-3/8  percent,  prevai . ing  rate  at  that  time, 
amortized  over  a  100-year  period. 

Operation  and  Maintenance  -  This  item  is  estimated  on  the  basis  of 
experience  with  similar  projects  in  the  New  England  area.  Included  are 
costs  for  maintenance  of  the  project  structures  and  for  operation  of  the 
multipurpose  project  features.  It  also  includes  operational  procedures 
for  the  flood  control  and  water  supply  gates  as  well  as  the  permanent 
operating  equipment  and  gages  for  monitoring  and  recording  the  water 
supply  and  fluctuating  storage  in  the  reservoir. 

Major  Replacement  -  Allowance  is  made  for  replacement  of  dams  deemed 
to  have  a  usable  life  of  less  than  the  projected  span  of  100-years. 
Included  in  the  replacement  cost  are  types  of  equipment  used  in  the 
operation  of  the  project  such  as  gates,  heating  and  hydraulic  systems, 
pumps  and  generators. 

c.  Cost  Allocation 

Allocation  of  Costs  Among  Purposes  -  Cost  of  the  multiple  purpose 
reservoir  allotted  to  the  purposes  of  flood  control  and  water  supply  were 
made  by  the  Separable  Costs  Remaining  Benefits  method.  A  detailed  break¬ 
down  of  allocation  among  project  purposes  is  shown  in  Table  2-7. 
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TABLE  2-6 

FIRST  COSTS  __  NIPMUC  RESERVOIR 
(June  1976  Price  Level) 

Lands  and  Damages 
Reservoir  Clearing 


$  4,842,000 
344,400 


Relocations 

Utilities 

Cemeteries 

Contingencies  (20%) 


$  279,  700 

2,001,000 

-  260,000 

2,540,700 
___  508,140 

3~,048, 840  3,048,840 


Dam  and  Appurtenant 
Structures 

a.  Preparation  of  Site 

b.  Embankment 

c.  Concrete 

d.  Outlet  Works 

e.  Miscellaneous 

Contingencies  (20%) 


1.472.700 

7.458.700 
2,450,250 

233,000 
590,900 
12*^2*05,5  50 
2V441L110 

14 ,646,660*  14,646,660 


Buildings,  Grounds 
and  Utilities 

Subtotal 

Engineering  and  Design 
(11%)  of  18,064,940 
Supervision  and  Administration 


__  25,000 
$22^906,900 

1,987,140 

1,463,260 


TOTAL  FIRST  COST 


$26,357,300 


i 

I 
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TABLE  2-7 


COST  AL0CATI0N  SUMMARY  -  NIMPUC  RESERVOIR 

(June  76  Price  Level) 

Purpose 

First  Cost 

Annus j  Charges 

Flood  Control 

$  1,589,000 

302,000 

Joint  Use 

12,779,000 

— 

Water  Supply 

9,989,000 

745,000 

Total 

$26,357,000 

$1,^47,000 

Comparison 

of  Benefits  and  Costs  -  A  comparison  of 

benefits  accruing 

to  each  project 

purpose  with  the  costs  allocated  to  the 

respective 

purposes  indicates  that  flood  control  is  not  economically  justified  (see 
Table  2-8). 

TABLE  2-8 


ECONOMIC  ANALYSIS  -  NIPMUC  RESERVOIR 


Purpose 

Annual  Benefits 

Annual  Costs 

Benefit/Cost  Ratio 

Flood  Control 

$242,000 

$312,000 

0.80 

Joint  Use 

— 

-- 

— 

Water  Supply 

775,000 

775,000 

1.0 

Other  costs  and  combined  economic  benefits  wete  also  developed  for 
this  project  and  the  final  benefit/cost  ratio  at  the  1976  price  level 


was  0.8.  The  project  does  not  produce  any  environmental  or  economic  nf  r 
benefits  and  therefore  according  to  the  Corps  of  Engineers  criteria  thi 
project  is  unfavorable  and  will  not  be  investigated  further. 

Modification  of  Old  Slater  Mill  Dam 


a.  General  -  Two  channel  improvement  alternatives  were  considered  in 
Pawtucket,  Rhode  Island  at  the  site  of  the  historic  Old  Slater  Mill.  In 
the  first  the  existing  dam  would  be  modified  by  lowering  and  replacing  the 
present  dam  crest  with  bascule  type  gates.  Due  to  the  historical  signifi¬ 
cance  of  the  structure  (Slater  Mill  was  the  first  successful  cotton 
spinning  mill  in  the  United  States),  the  Pawtucket  Redevelopment  Agency 
and  the  Preservation  Society  requested  that  the  pool  behind  the  existing 
dam  be  maintained  for  aesthetic  reasons  By  replacing  the  existing  dam 
with  a  bascule  type  gate  structure,  the  pool  would  not  only  be  preserved 
but  the  modification  would  also  permit  passage  of  floodflows  equal  in 


See  Appendix 


4 


magnitude  to  the  storm  of  record  that  occurred  in  August  1955,  thus 
preventing  backwater  flooding  of  commercial  and  industrial  properties. 
Stone  slope  protection  would  be  replaced  at  locations  immediately  upstream 
from  the  dam  to  prevent  erosion  of  building  and  bridge  foundations. 
Upstream  retaining  walls  would  need  to  be  increased  in  height  and  backed 
by  a  reinforced  ”L"  type  concrete  floodwall  to  prevent  overtopping  from 
expected  floodflows  and  buildings  would  have  to  be  floodproofed  (see  Plate 
D-3).  The  second  alternative  consisted  of  channel  slope  protection, 
raising  of  the  floodwalls  and  floodproofing  the  adjacent  buildings  but  did 
not  include  the  dam  modification. 

b.  Social  and  Economic  Considerations  -  The  Slater  Mill  Dam  Project 
would  lower  flood  stages  as  far  upstream  as  the  Pantex  Dam.  The  existing 
dam  is  not  functioning  p  jperly,  and  many  of  the  commercial  and  industrial 
properties  situated  upstream  of  the  dam  have  been  subjected  to  recurring 
flood  problems.  Lowering  of  the  flood  stage  along  this  reach  of  the  river 
would  prevent  the  inundation  of  sections  of  Roosevelt  Avenue  in  Pawtucket 
during  extreme  floodflows.  Estimates  indicate  that  modifications  to  the 
dam  would  reduce  annual  losses  in  Pawtucket  by  $350,300. 

Modification  of  the  dam  would  reduce  flood  damages  to  the  Slater  Mill 
and  to  commercial  and  industrial  properties  immediately  upstream  of  the 
dam  site.  In  addition  to  about  a  dozen  industrial  complexes  that  receive 
flood  damages  upstream  is  the  Pawtucket  Municipal  Building.  Since  the 
flood  plain  areas  along  this  reach  are  already  fully  developed,  no  addi¬ 
tional  development  can  be  anticipated. 

Construction  Including  the  bascule  gate  structures  and  adjacent  stone 
slopes,  would  generate  some  degree  of  dust,  diesel  exhaust,  and  noise  from 
on  site  equipment  and  from  trucks  along  the  access  route.  The  construc¬ 
tion  activities  would  create  additional  traffic  in  the  downtown  area  of 
the  Pawtucket,  causing  even  greater  congestion.  Some  buildings  not 
protected  by  floodwalls  would  be  floodproofed  by  bricking  of  window 
openings,  installation  of  aluminum  shielding  for  doors,  fitting  of  back¬ 
water  valves  for  riverside  drainage,  and  application  of  a  waterproofing 
agent  to  building  walls  and  foundations  within  the  flood  stage  limits. 
These  activities  would  require  approximately  35,000  square  feet  of 
interior  building  space  as  temporary  easements  and  could  interrupt  regular 
activities  within  those  areas.  It  is  anticipated  that  the  project  would 
take  approximately  one  year  to  complete.  Most  adverse  effects  to  be 
experienced,  however,  would  be  short  term. 

c.  Description  of  Structures 

Bascule  Gates  -  The  gates  considered  for  this  modification  would  be 
"Pelican”  style  with  the  two  leaves,  3’0"  x  82’6”,  anchored  to  the  lowered 
crest.  The  gate  is  basically  a  long  leaf  type  structure  hinged  along  its 
bottom  edge  and  operated  hydraulically.  The  operator  is  activated  by  a 
float  sensor  installed  on  the  west  abutment  to  measure  upstream  water 
levels.  The  leaves  would  be  3'0"  high  to  maintain  the  original  crest 
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elevation  (El.  24.08  NGVD) ,  but  when  activated  would  lower  to  a  fully  open 
position,  providing  a  modified  crest  elevation  of  21.08  to  pass  flood- 
flows.  Fully  open,  the  gate  leaf  rests  on  the  dam  crest  and  presents  no 
obstacle  to  the  flow.  As  floodwaters  recede,  the  gates  would  automati¬ 
cally  raise,  restoring  the  upstream  storages. 

Channel  Work  -  Channel  improvement  would,  in  general,  consist  of 
placing  stone  slope  protection  along  existing  foundation  and  retaining 
walls  that  abut  the  river's  edge.  A  total  of  approximately  4,410  feet  of 
protection  would  be  provided  on  both  streambanks  upstream  of  Old  Slater 
Mill.  Stone  would  be  placed  on  supporting  bedding  material  at  a  slope  of 
1  on  2. 

Walls  -  Existing  retaining  walls  along  the  streambank  would  be  rein¬ 
forced  and  increased  in  height  to  prevent  overtopping.  In  general,  the 
construction  would  raise  the  existing  stone  masonry  wall  and  reinforce  it 
with  a  reinforced  concrete  "L"  wall.  A  total  of  approximately  2,140  feet, 
of  wall  would  have  to  be  raised  and  reinforced  at  various  locations. 

Floodproofing  -  In  general,  the  floodproofing  of  buildings  not 
protected  by  floodwalls  would  include  bricking  up  window  openings, 
installing  aluminum  shielding  on  doors,  fitting  backwater  valves  for 
riverside  drainage  and  applying  a  waterproofing  agent  to  building  walls 
and  foundations  within  the  flood  stage  limits.  Walls  that  cannot  be 
floodproofed  with  reasonable  assurance  of  strength  against  the  water 
pressure  would  be  replaced  with  reinforced  concrete  block  walls  and  coated 
with  a  waterproofing  agent. 

d.  Estimates  of  Costs 

First  Costs  -  A  detailed  breakdown  of  first  costs  for  the  modifica¬ 
tion  plan  Is  shown  in  Table  2-9.  Table  2-10  shows  first  costs  for  the 
second  alternative. 

Annual  Charges  -  The  estimate  of  Federal  annual  charges  is  based  on 
interest  at  6-3/8  percent  on  the  Federal  investment  plus  the  amount 
required  to  amortize  the  Investment  over  the  assumed  50-year  life  of  the 
project.  Non-Federal  Interest  and  amortization  charges  were  computed  in  a 
similar  manner  at  the  same  interest  rate.  Non-Federal  charges  also 
include  amounts  for  maintenance  and  operation  of  the  project  and  an 
interim  replacement  of  equipment  having  an  estimated  life  of  less  than 
50-years.  The  derivation  of  annual  charges  is  given  in  Table  2-11.  Table 
2-12  shows  the  derivation  of  annual  charges  for  the  second  alternative. 

e.  Project  Formulation  -  Annual  benefits  accruing  to  the  projects  in 
the  area  to  be  protected  are  estimated  to  be  $269,000.  Annual  charge  for 
the  first  alternate  (with  bascule  gates)  is  estimated  at  $379,100, 
resulting  in  a  economic  benefit/cost  ratio  of  0.71  to  1.  Annual  cost  for 
the  second  alternate  is  estimated  at  $320,610,  resulting  in  an  economic 
benefit/cost  ratio  of  0.84  to  1.  Both  alternatives  are  not  economically 
Justified  and  provi.de  no  environmental  benefits  and  therefore  they  were 
not  considered  further. 
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TABLE  2-9 
FIRST  ALTERNATIVE 

FIRST  COST  -  MODIFICATION  OLD  SLATER  MILL  DAM 
(June  19  76  -  Price  Level) 


Description 


Amount  Total 


Lands  and  Damages 


$  118,800  $  118,800 


Modification  of  Dam 
Channel  Work 
Walls 

Sluice  Gate  at  Old  Slater  Mill 
Interior  Drainage 
Floodproofing  Buildings 

Engineering  and  Design  (17%) 
Supervision  and  Administration 

TOTAL  PROJECT  FIRST  COST 


468,000 
531,400 
1,007,900 
100,000 
730,800 
1,200,000 
4,038,100 
686,500 
(11%)  444,200 

$5,168,000  5,168,000 

$5,287,000 


TABLE  2-10 
SECOND  ALTERNATIVE 

FIRST  COSTS  -  OLD  SLATER  MILL  -  CHANNEL  IMPROVEMENTS  ONLY 
(June  1976  -  Price  Level) 


Description 

Amount 

Total 

Lands  and  Damages 

$  118,800 

$  118,800 

Channel  Work 

531,400 

Walls 

1,007,900 

Sluice  Gate  at  Old  Slater  Mill 

100,000 

Interior  Drainage 

7  30,8  00 

Floodproofing  Buildings 

1,200,000 

3,570,000 

Engineering  and  Design  (17%) 

606,900 

Supervision  and  Administration  (11%) 

392,700 

$4,569,700 

4,569.700 

TOTAL  PROJECT  FIRST  COST 

$4,688,500 
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TABLE  2-11 


ANNUAL  CHARGES 
FIRST  ALTERNATIVE 

OLD  SLATER  MILL  DAM  ^MODIFICATION 
(50-Year  LiTe) 

(June  1976-Price  Level) 


FEDERAL  INVESTMENT 

Federal  First  Cost  $5,168,800 

Interest  During  Construction  (6  3/8%)  329,  500 

Total  Federal  Investment  5,498,300 

FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  350,500 

Amortization  16, 660 

Total  Federal  Annual  Charge 

NON-FEDERAL  INVESTMENT 

Lands,  Easements,  Rights  of  Way  118, 800 

Total  Non-Federal  First  Cost  118,800 

Interest  During  Construction  (6  3/8%)  _ 7, 5 70 

Total  Non-Fedoral  Investment  126,  170 

NON-FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  8060 

Amortization  380 

Maintenance  &  Operation  2,500 

Interim  Replacements  1,000 

Loss  of  Productivity  of  Land  - 

Total  Non-Federal  Annual  Charge 


TOTAL  ANNUAL  CHARGE 


$367, 160 


’  ]1>  M4° 
$379,  100 
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TABLE  2-12 

ANNUAL  CHARGES 
SECOND  ALTERNATIVE 

OLD  SLATER  MILL  DAM  -  CHANNEL  -  IMPROVEMENTS  ONLY 

(100-Year  Life) 

(June  1976  -  Price  Level) 


FEDERAL  INVESTMENT 

Federal  First  Cost  $4,569,700 

Interest  During  Construction  (6  3/8%)  291 , 300 

Total  Federal  Investment  $4,861,000 

FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  309,900 

Amoritzation  630 

Total  Federal  Annual  Charge 

NON-FEDERAL  INVESTMENT 

Lands,  Easements,  Rights  of  Way  118, 800 

Total  Non-Federal  Investments  118,800 

Interest  During  Construction  (6  3/8%)  7,570 

Total  Non-Federal  Investment  126,370 

NON-FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  8060 

Amortization  20 

Maintenance  &  Operation  1,000 

Interim  Replacements  1,000 

Loss  of  Productivity  of  Land  _ - 

Total  Non-Federal  Annual  Charge 


Total  Annual  Charges 


$310,530 


10,  080 


320, 610 
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Modification  of  Sayles  Finishing  Company  Dam 

a.  General  -  The  channel  improvement  project  would  be  i  >i  ^  ed 
approximately  8'.<  fest  downstream  from  the  Broad  Street  Brldg-  '.entra! 
Falla,  Rhode  Island.  The  plan  of  protection  .  - •  1 1  • '  provide  for  mod  if  yi  i'- 
the  existing  dam  by  lowering  and  replacing  tie  present  da*.:  ''i-r-.i  -.irh 
bascule  type  gates.  The  communities  of  Lincoln,  Cumberland  a-d  Central 
Falls,  in  conjunction  with  the  State  of  Rhode  Islam  have  propose)  a 
conservation-recreation  site  for  the  Valley  Falls  Pond  area  ups- -earn  from 
the  dam.  Installation  of  gates  would  maintain  present  upstream  watt: 
levels  and  be  consistent  with  this  planning  and  also  would  perr.il ;  the 
passage  of  floodflows.  Stone  slope  protection  would  he  placed  at  loca¬ 
tions  Immediately  upstream  from  the  dam  to  prevent  erosion  of  building  a. id 
bridge  foundations.  Upstream  retaining  walls  would  have  to  be  raised  and 
an  earth  berm  constructed  to  prevent  overtopping  from  expected  floodflows 
(see  Plate  D-4) . 

b.  Social  and  Econo  -.lo-  Considerations  -  The  modification  would 
reduce  damages  for  several  industrial  and  commercial  establishments,  and 
public  facilities  lying  upstream. 

Construction  activities  at  tht  site  would  generate  air  quality, 
noise,  and  traffic  impacts.  The  construction  period  would  last  approxi¬ 
mately  one  year.  Use  of  access  routes  to  the  construction  site  would 
effect  traffic  flows  in  this  already  congested  area  of  downtown  Central 
Falls.  Approximate) v  two  acres  would  be  taken  in  temporary  land  easements 
during  the  construction  period  for  the  storage  of  equipment  and  materials. 

Of  particular  concern  in  this  project  area  arid  in  regard  to  the 
project  is  the  Valley  Falls  Pond  area  upstream  from  the  dam  which  has  been 
acquired  as  a  conservation-recreation  area  by  communities  in  conjunction 
with  the  State  of  Rhode  Island.  Installation  of  the  bascule  gates  would 
maintain  present  upstream  water  levels  and  would  not  interfere  with  the 
conservation-recreation  plan. 

c.  Description  of  Structure 

Bascule  Gates  -  The  gates  considered  for  this  modification  would  be 
the  "Pelican"  style  as  used  in  the  Slater  Mill  modif ication.  There  would 
be  three  leaves,  60 ’0”  x  '0'',  The  leaves  would  be  7'0”  high  in  order  to 
maintain  the  original  crest  elevation  (El.  49.94  NGVD) ,  but  when  activated 
they  would  lower  to  a  fully  op  "i  position,  providing  a  modified  crest 
elevation  of  42.94  NGVD  to  pass  floodflows. 

Channel  Work  -  Channel  improvement  would,  in  general,  consist  of 
placing  stone  slope  protection  along  existing  building  and  bridge  founda¬ 
tions  and  retaining  walls  that  abut  the  river's  edge  to  protect  them  from 
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erosion.  A  total  of  approximatley  860  feet  of  protection  would  be 
provided  on  both  streambanks  upstream  of  the  Sayles  Finishing  Dam. 
Protective  stone  would  be  placed  on  supporting  bedding  material  on  a 
1-foot  vertical  to  a  2-foot  horizontal  slope. 

Walls  -  Existing  retaining  walls  along  the  streambank  would  be  raised 
to  prevent  overtopping.  In  general,  the  construction  would  match  the 
existing  structure.  A  total  of  100  feet  of  wall  would  have  to  be  placed 
upstream  of  the  Broad  Street  Bridge  on  the  south  bank  to  prevent  flooding 
in  that  area. 

d.  Estimates  of  Cost 


First  Costs  -  A  detailed  breakdown  of  first  costs  for  the  project  is 
shown  in  Table  2-13. 

Annual  Charges  -  The  estimate  of  Federal  annual  charges  is  based  on 
interest  at  6-3/8  percent  (FY  77)  on  the  Federal  investment  plus  the 
amount  required  to  amortize  the  investment  over  the  assumed  50-year  life 
of  the  project.  Non-Federal  interest  and  amortization  charges  were 
computed  in  a  similar  manner  at  the  same  interest  rate.  Non-Federal 
charges  also  include  amounts  for  maintenance  and  operation  of  the  project 
and  interim  replacement  of  equipment  having  an  estimated  life  of  less  than 
50-years.  The  derivation  of  annual  charges  is  given  in  Table  2-14. 

e.  Project  Formulation  -  Annual  benefits  accruing  to  the  project  are 
estimated  to  be  $25,000.  Annual  charges  are  estimated  at  $102,860.  The 
combined  economic  and  environmental  benefit/cost  ratio  is  0.24  to  1, 
resulting  in  an  unfavorable  project. 

Uxbridge  Local  Protection  Project 

a.  General  -  This  local  protection  project  would  be  located  along 
the  east  bank  of  the  Mumford  River  in  Uxbridge,  Massachusetts.  It  would 
form  an  enclosure  with  dikes  and  floodwalls  to  protect  the  firm  of  Emile 
Bernat  &  Sons.  The  plan  of  protection  would  provide  for  the  construction 
of  approximately  245  feet  of  earth  dikes,  985  feet  of  concrete  floodwall, 
a  vehicular  gate,  two  pumping  stations  and  other  appurtenant  works  (see 
Plate  D-6) . 

b.  Social  and  Economic  Considerations  -  The  project  would  prevent 
inundation  of  Depot  Street  behind  the  Bernat  factory.  The  Depot  Street 
river  crossing  would,  however,  continue  to  be  inundated  during  major 
floods.  The  project  would  not  lower  downstream  flood  stages  and  would  not 
protect  any  developable  land  and  would  therefore  not  induce  new  develop¬ 
ment. 
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TABLE  2-13 


FIRST  COSTS  -  REPLACEMENT  SAYLES  FINISHING  CO.  DAM 

(1976  -  Price  Levels) 

Description  Amount  Total 

Lands  and  Damages  $  7,920  $  7,920 

Modification  of  Dam  and  Bascule  Gate 
Channels 
Walls 

Engineering  and  Design  (17%) 

Supervision  and  Administration  (11%) 

Subtotal  1,390,910  1,390,910 

TOTAL  PROJECT  FIRST  COST  $1,398,830 


1 ,033, 560 
44,358 

_ 8J35 

1 ,086, *53 
184,732 
119.525 


TABLE  2-14 


ANNUAL  CHARGES 

SAYLES  FINISHING  COMPANY  DAM  -MODIFICATION 
(50-Year  Life) 

June  1976  -  Price  Level 


FEDERAL  INVESTMENT 

Federal  First  Cost  $1,390,910 

Interest  During  Construction  (6  3/8%)  88,670 

Total  Federal  Investment  1,479,580 

FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  94,320 

Amortization  4, 480 

Total  Federal  Annual  Charge 

NQN-FEDERAL  INVESTMENT 

Lands,  Easements,  Relocations  7,920 

Total  Non-Federal  Investment  7,920 

Interest  During  Construction  (6  3/8%)  500 

Total  Non-Federal  Investment  8,420 

NON-FEDERAL  ANNUAL  CHARGES 

Interest  (6  3/8%)  535 

Amortization  25 

Maintenance  &  Operation  2,500 

Interim  Replacement  1,000 

Loss  of  Productivity  of  Land  _ - 

Total  Non-Federal  Annual  Charge 


Total  Annual  Charges 


$  98,800 


4,060 

$102,860 
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Construction  activities  at  the  site  of  the  Uxbridge  project  would 
generate  air  quality,  noise,  and  traffic  impacts.  The  impact  of  the 
construction  activities  would  be  lesser  in  this  industrial  area  than  if  it 
were  a  residential  and/or  commercial  area.  Although  access  root’s  in  all 
directions  are  heavy  duty  roads,  there  are  some  re  ldence<-  that  could  t 
adversely  affected  by  the  noise  and  exhaust  of  substantial  truck  traffic 
during  the  construction  period.  The  general  area  immediate!  v  ?uri  ounding 
the  factory/construction  area  includes  the  downtown  center  of  i.'xbcioge 
which  would  become  more  congested  with  increased  heavy  truck  tratric. 

c.  Project  Formulation  -  Annual  benefits  securing  to  the  project  are 
estimated  to  be  $77,600.  Annual  charges  are  estimated  at  $116,700, 
resulting  in  an  0.66  to  1.0  economic  benefit/cost  ratio  and  making  this  an 
economically  unjustified  project.  These  costs  are  the  original  1965 
project  costs  Increased  by  the  Engineering  News  Record  factors  to  reflect 
current  prices.  In  addition,  the  Bernat  Company  has  implied  it  cannot 
affort  to  put  any  funds  toward  the  protection  project.  The  firm  has 
already  developed  its  own  flood  damage  reduction  plan  and  the  town  of 
Uxbridge  has  joined  the  flood  insurance  program.  The  project  also  doe:; 
not  produce  environmental  benefits  as  well  as  a  favorable  benefit/cost 
ratio  and  was  not  considered  further. 

For  further  information  on  this  project,  see  the  October  1965 
Uxbridge  Local  Protection  Project  Report. 

Ashton  Local  Protection  Project 

a.  General  -  The  local  protection  project  recommended  to  handle  the 
runoff  from  approximately  1,050  acres  would  be  located  along  the  easterly 
bank  of  the  Blackstone  River  in  Cumberland,  Rhode  Island.  It  would  extend 
from  river  station  330+00  (2.5  miles  above  Valley  Falls  Pond,  Central 
Falls,  Rhode  Island)  to  station  350+00  (500  feet  downstream  from  the 
Ashton  Fiberglas  Dam).  The  plan  of  protection  would  provide  for  construc¬ 
tion  of  2,300  feet  of  concrete  floodwalls,  335  feet  of  earth  dike,  two 
railroad  stoplog  structures,  a  pumping  station,  interior  drainage,  twin 
pressure  conduits  and  other  appurtenant  works.  The  project  would  provide 
protection  against  the  Standard  Project  Flood  for  the  10  acres  of  land 
within  the  U-shaped  facility  (see  Plate  D-5). 

b.  Social  and  Economic  Considerations  -  The  Ashton  Local  Protection 
Project  would  provide  complete  flood  protection  for  the  Owens-Corning 
Fiberglas  plant  on  the  Blackstone  River.  No  additional  vacant  or  under¬ 
utilized  land  would  be  protected  by  the  project;  no  significant  land  use 
changes  would  be  anticipated  as  a  result  of  this  alternative.  The  project 
would  prevent  damages  to  the  Owens-Corning  plant. 

The  Owens-Corning  plant  plays  a  significant  role  in  the  economy  of 
Cumberland.  Its  main  building,  adjacent  to  the  project  area  is  a  large 
four  story  brick  mill  building  estimated  to  be  in  excess  of  100-years 
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old.  Several  accessory  buildings  constructed  within  the  past  ten  years 
supplement  the  main  building.  No  buildings  of  the  Owens-Cornlng  complex 
would  be  acquired  for  project  purposes./  However,  a  six  foot  security 
fence  and  some  propane  tanks  in  this  area  would  be  affected  by  the 
project.  Also,  approximately  six  acres  of  Owen-Cornlng  owned  land  would 
be  taken  for  project  purposes. 

Construction  activities  would  be  expected  to  create  Impacts  of  a 
temporary  nature.  The  project  area  would  be  subjected  to  Increased  levels 
of  air  and  noise  pollution.  Access  to  the  project  site  would  be  through 
the  Owens-Corning  complex  and  could  hinder  the  movement  of  the  plant's 
trucks  and  outdoor  equipment  or  supplies.  Approximately  two  acres  of  land 
would  be  taken  for  temporary  easement  for  the  two  year  construction 
period.  A  temporary  water  easement  of  approximately  one-half  acre  would 
be  needed  for  cofferdam  construction.  Other  temporary  impacts  to  be 
experienced  during  the  construction  period  would  depend  on  the  types  and 
sources  of  construction  materials. 


c.  Estimates  of  Costs 


First  Costs  -  A  detailed  breakdown  of  first  costs  for  the  project  is 
shown  in  Table  2-15. 


TABLE  2-15 

FIRST  COST  -  ASHTON  LOCAL  PROTECTION  PROJECT 
(June  1976  -  Price  Level) 


Description  Amount 


Lands  and  Damages 

$  72,000 

Relocations 

30,750 

Site  Preparation  and  Stream  Control 

1,206,000 

Levees 

39,620 

Floodwalls 

3,675,958 

Stop  Log  Structures 

50,300 

Front  Steel  Ramp 

10,620 

Drainage 

56,599 

48"  Pressure  Conduits 

324,005 

Pumping  Station 

329,000 

Sluice  Gate  Structure 

54,000 

5,746,102 

Contingencies  (20%) 

1,149,218 

6,895,320 

Engineering  and  Design  (15%) 

1,034,300 

Supervisloln  and  Administration  (10%) 

689,530 

Subtotal  8,619,150 

TOTAL  PROJECT  FIRST  COST 


Total 


102,750 


8.619,150 

$8,712,900 
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Annual  Charges  -  The  estimate  of  Federal  annual  charges  is  based  on 
Interest  at  6-3/8  percent  (FY  77)  on  the  Federal  Investment  plus  the 
amount  required  to  amortize  the  Investment  over  the  assumed  ’ oo-year  life 
of  the  project.  Non-Federal  interest  and  amortization  charge.-,  were 
computed  in  a  similar  manner  at  the  same  interest  cate.  Won  Federal 
charges  also  include  amounts  for  maintenance  and  operation  of  the  project 
and  interim  replacement  of  equipment  having  an  estimated  1  !*'->  cf  le«s  than 
100-years.  The  derivation  of  annual  charges  is  given  in  Table  2-16. 

d.  Project  Formulation  -  Annual  benefits  accruing  to  the  project  are 
estimated  to  be  $288,120.  Annual  charges  are  estimated  to  be  $596,871 
resulting  in  an  economic  benef its/ cost  ratio  of  0.48  to  1.0.  Thu  project 
does  not  produce  any  environmental  benefits  and  therefore  was  not 
considered  further. 

e*  Other  Plans  Studied  -  An  alternative  to  bypassing  this  runoff  by 
pressure  conduit  was  cons'dered  in  an  investigation  to  determine  the 
capacity  required  to  divert  this  flow  througn  the  existing  channel  of 
Scott  Brook.  It  was  found  that  the  10-year  storm  event  would  require  an 
excessive  channel  width  to  carry  the  flow  and  therefore  was  not  considered 
further. 


ASSESSMENT  AND  .  ALUATION  OF  DETAILED  PLANS 
Berkeley  Local  Protection  Structural  Froject  -  PI  a  n  A 

General  -  The  structural  local  protection  project  at  Berkeley  would 
be  located  along  the  east  bank  of  the  Blackst >ne  River  in  Cumberland, 

Rhode  Island.  It  would  extend  from  river  station  280+00  (approximate!'- 
two  miles  above  Valley  Falls  Pond)  to  river  station  320+00,  a  distance  of 
about  4,000  feet.  The  plan  of  protection  would  provide  for  construction 
of  3,800  feet  of  earth  dikes,  1,450  feet  of  concrete  floodwalls,  a  pumping 
station,  a  vehicular  ramp  over  the  dike  at  Martin  Street,  a  vehicular 
gate,  two  railroad  gates,  interior  drainage  and  other  appurtenant  works. 
(See  Main  Report,  Plates  3  and  4.) 

Impact  Assessment  -  Plan  A 

Economic  Impacts  and  Social  Impacts  -  The  Berkeley  Local  Protection 
Project  (LPP)  would  offer  SPF  flood  protection  to  approximately  70  acres 
along  the  Blackstone  River  in  Cumberland,  Rhode  Island,  which  is  occupied 
by  the  Berkeley  Industrial  Park,  a  Cumberland  Water  Supply  Well,  and  the 
Berkeley  Oval  Park.  Detailed  discussion  of  the  economic  analysis  is 
provided  in  Appendix  7,  Economics  and  summarized  as  follows  for  Plan  A: 
(June  1981  Price  Level) 


TABLE  2-16 


ANNUAL  CHARGES 

ASHTON  LOCAL  PROTECTION  PROJECT 
(100-Year  Life) 

(June  1976  price  Level) 


FEDERAL  INVESTMENT 

Federal  First  Cost  $8,619,150 

Interest  During  Construction  (6  3/8%)  549,470 

Total  Federal  Investment  9,168,620 

FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  584,500 

Amortization  1,190 

Total  Federal  Annual  Charge 

NON-FEDERAL  INVESTMENT 

Lands,  Easements,  Relocations  1 02 ,750 

Total  Non-Federal  Investment  102,750 

Interest  During  Constrction  (6  3/8%)  6,550 

Total  Non-Federal  Investment  109,300 

NON-FEDERAL  ANNUAL  CHARGE 

Interest  (6  3/8%)  6,970 

Amortization  15 

Maintenance  6  Operations  2,500 

Interim  Replacements  1,700 

Loss  of  Productivity  of  Land  _ - 

Total  Non-Federal  Annual  Charge 


TOTAL  ANNUAL  CHARGES 


$585,690 


11,185 


$596,875 
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Average  Annual  Benefits 
Average  Annual  Costs 
Average  Annual  Net  Benefits 
Plan  A,  Benetit-to-Cost  Ratio 

Project  First  Cost 


:.6«3, 100 
517,300 
$180,300 
1.4  t  <■>  1 

(  1  .  5  3  ) 

$6, 


Along  with  damages  prevented,  the  I.PP  would  increase  the  flood  r  ble™ 
experienced  upstream,  increasing  damages  to  the  Owens-Coming  Flberglas 
plant  as  well  as  to  a  single  residence  lying  on  the  other  side  of  the 
Blackstone  opposite  Owens-Coming.  Approximately  20  acres  currently  lie 
vacant-  The  flood  protection  offered  by  this  project  would  make  the 
vacant  acreage,  which  already  has  access  to  utilities,  more  appealing  L,r 
industrial  development. 


Construction  activities  at  the  site  would  generate  air  quality,  noise 
and  traffic  impacts.  These  impacts  are  not  expected  to  he  significant 
because  this  is  an  industrial  area;  however,  the  access  routes  are 
residential.  Of  parr  ten' ar  concern  is  the  ball  park  which  may  be  taker.  - 
a  temporary  easement  during  construction.  A  portion  of  the  ball  park 
could  be  permanently  lost  with  the  placement  of  the  dike  ramp  as  presently 
proposed. 


Environmental  Impacts  -  The  flood  protection  by  the  Berkeley  project 
will  provide  flood  damage  protection  to  the  Blackstone  Valley  sewerline,  a 
water  supply  pumping  station  for  the  town  of  Cumberland,  a  private  well 
owned  by  Owens-Cornlng  Fiberglass,  and  5,000  feet  of  right-of-way  of  the 
Providence  and  Worcester  Railroad. 


More  detailed  descriptions  and  analyses  of  this  project  will  be 
presented  in  following  appendices. 

Evaluation  and  Trade-Of Analysis  -  A  primary  shortrun  effect  of  the 
Berkeley  project  would  be  the  availability  of  increased  employment  for 
many  unskilled  and  semi-skilled  laborers  during  the  construction  phases  of 
this  project.  The  Berkeley  project  would  offer  protection  for  some  flood 
prone  areas.  Such  protection  could  result  in  economic  and  social  enhance¬ 
ment  of  these  localities.  The  reduction  of  damages  from  floods  would 
yield  great  economic  benefits,  especially  to  industry  and  may  halt  the 
flight  of  manufacturing  jobs.  It  may  also  encourage  industrial  growth  in 
the  area. 


Mitigation  Requirements 

Wildlife  Habitat  -  Construction  of  the  dike  and  wall  will  impact  11 
acres  for  new  structures,  plus  another  2.5  acres  for  construction  rights- 
of-way.  The  resulting  loss  of  wildlife  habitat  will  be  mitigated  by 
planting  the  landward  side  of  the  dike  with  plants  suitable  for  wildlife 
habitat.  Temporary  rights-of-way  will  he  revegetated  by  topsoiling  and 
seeding  or  replanting  where  appropriate. 
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Aesthetic  Impact  -  The  project  will  resa’t  In  the  loss  of  riverbank 
vegetation  along  4,000  feet  of  the  east  bank  of  the  Blackstone  River. 
However,  only  a  small  portion  of  this  area  Is  now  heavily  wooded.  Visual 
Impact  from  vegetation  loss  and  construction  of  the  dikes  and  wall  will  be 
greatest  from  the  vantage  point  of  Martin  Street  and  to  a  lesser  extent 
from  the  Blackstone  Canal  tnwpath  (proposed  trail  roaU-  i ..  the  Blackstone 
Linear  Park).  Existing  vegetation  on  the  west  bank  of  the  *"lver  between 
the  towpath  and  the  river  helps  to  screen  the  view  of  th  •  cast  bank.  The 
visual  Impact  from  Martin  Street  will  be  mitigated  In  pa: t  b  careful lv 
protecting  trees  not  to  be  removed  for  construction,  and  by  replacing  new 
trees  and  shrubs  beyond  the  toe  of  rhe  landward  side  of  the  dike  at  Martin 
Street. 

Town  Recreation  Area  -  Plan  A  would  necessitate  the  realignment  of 
the  access  road  to  the  Health  Tex  building,  resulting  In  the  loss  of  a 
baseball  field  In  the  adjacent  town  recreation  area.  Further  study  of 
alternative  access  routes  to  Health  Tex  will  be  carried  out  In  the  Pha«“ 

I  GDM.  If  no  other  route  is  found  to  be  feasible,  the  loss  of  this 
recreation  area  will  be  mitigated  by  replacement  In  kind,  either  through 
improved  facilities  on  the  remaining  land,  or  through  acquisition  of  a  new 
site. 


Impact  on  Blackstone  Canal  -  Construction  of  Plan  A's  protection 
structures  may  cause  Increased  erosion  of  the  west  bank  of  the  Blackstone 
River,  with  questionable  Impact  on  the  Blackstone  Canal.  Further  engi¬ 
neering  studies  in  the  Phase  I  GDM  would  analyze  the  need  to  realign  the 
proposed  dike  layout  or  provide  limited  stone  slope  protection  on  the  west 
bank. 

Plan  A  -  Summary 

Investigations  to  mitigate  the  impacts  of  Plan  A  on  the  Owens-Cornlng 
Flberglas  plant  were  terminated  in  the  summer  of  1981.  When  discussed  In 
the  Main  Report,  the  local  cost  for  this  plan  was  determined  to  be  beyond 
the  resources  of  the  town.  Although  the  plan  demonstrated  potential 
economic  and  environmental  feasibility,  and  was  supported  under  tradi¬ 
tional  cost  sharing,  it  was  not  Implementable  under  new  cost  sharing 
policies.  The  Nonstructuctural  Plan  B,  following,  appeared  to  be  the  only 
potential  solution  to  provide  some  flood  protection  to  the  L jrkeley  Indus¬ 
trial  Park.  The  "PLAN  SELECTION,"  section  later  in  report,  discusses 
implementation  and  cost  sharing. 

Berkeley  Local  Protection  Nonstructural  -  Plan  B 

General  -  Plan  B  provides  100  year  frequency  flood  protection  to 
three  Industrial  buildings  and  the  town  pumping  station,  located  In  the 
Industrial  Parks.  The  plan  involves  floodproofing  the  four  structures  by 
waterproofing  walls,  and  flood  shields  for  doors  and  openings  and  ring 
walls  around  unloading  areas  as  described  in  the  Main  Report.  (See  Main 
Report,  Plate  5.) 
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Impact  Assessments 

Appendix  7  presents  the  detailed  economic  assessment  for  Plan  B, 
sumtnarized  as  follows:  (June  1981  price  level) 

Plan  B  -  Summary  Econoiul..  Analysis 
(In  $1000) 


Average  Annual 

Health-Tex 

Roger  Win's 

Okonite  Co. 

Pump  S 

Benefits: 

$200.3 

$77.8 

$21.5 

?0.8 

Costs  (20  yr.  life): 

$  50.6 

$60.5 

$  6.1 

r .  i 

Net  Benefits: 

$149.7 

$17.3 

$15.4 

0 

BCR: 

4.0 

1.3 

3.5 

1  .0 

First  Cost: 

$521.8 

$624.1 

$62.5 

$8.5 

Since  each  structure’s  Bene fit- to-Cost  Ratio  (BCR)  equals  or  exreed? 
1.0,  all  increments  of  the  plan  are  economically  justified.  Their  are 
significant  adverse  environmental  or  social  impacts  associated  with  the 
plan,  thus  no  mitigation  measures  are  required. 

System  of  Accounts  -  The  System  of  Accounts  (as  required  by  "Prin  iples 
and  Standards  for  Planning  Water  and  Related  Land  Resources,"  published  by 
the  Water  Resources  Council,  and  Engineering  Regulation  1105-2-921 
"Feasibility  Reports:  System  of  Accounts")  reflects  the  overall  bene¬ 
ficial  and  adverse  effects  of  the  selected  alternatives.  Effects  can  be 
readily  discerned,  and  trade-offs  between  alternative  plans  can  be 
compared.  This  is  an  integral  part  of  the  planning  process  and  leads  to 
the  selection  of  the  alternative  plan  that  best  meets  the  goals  and 
objectives  of  National  Economic  Dev'lopmenr  (NED),  Environmental  Quality 
(EQ) ,  Social  Well-Being  (SWB)  and  Regional  Development  (RD).  This  summary 
of  accounts  is  shown  in  Table  2-17. 

The  System  of  Accounts  (SA)  displays  information  concerning  the 
geographic  regions  in  which  a  significant  portion  of  any  beneficial  or 
adverse  impacts  would  occur.  The  following  paragraphs  define  the  various 
regions  analyzed. 

Within  the  Watershed  -  This  constitutes  the  entire  drainage  area 
within  the  Blackstone  River  Basin.  The  watershed  consists  of  29  towns  and 
cities  in  Massachusetts  and  9  communities  in  Rhode  Island. 

(SMSA)  -  This  study  encompasses  the  Providence-Pawtucket-Warwick  SMS^, 
which  includes  23  Rhode  Island  cities  and  towns,  plus  10  contiguous 
Massachusetts  cities  and  towns. 
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Within  the  Rest  of  the  Nation  -  In  the  study,  this  refers  to  the 
remainder  of  the  Nation  outside  the  Providence-Pawtucket-Warwick  SMSA,  and 
the  immediate  planning  area.  This  area  is  used  as  an  account  balancing 
area. 


Components  of  Accounts  -  The  Principles  and  Standards  (P&S)  specify 
components  of  accounts  which  were  considered  in  filling  out  the  System  of 
Accounts,  Only  components  which  significantly  benefit  from  a  project  are 
displayed.  Subcategorization  of  the  components  displayed  is  used  to 
further  specify  the  source  and  nature  of  the  contribution. 

National  Economic  Development  (NED)  -  The  NED  account  shows  increases 
in  the  Nation’s  productive  output,  an  output  which  is  partly  reflected  in 
a  national  product  and  income  accounting  framework  designed  to  measure  the 
continuing  flow  of  goods  and  services  into  direct  consumption  or  invest¬ 
ment.  This  account  is  filled  out  in  dollar  terms.  Benefits  and 
associated  costs  are  expressed  as  average  annual  equivalent  basis  using 
appropriate  periods  of  analysis  and  the  prevailing  discount  rate.  June 
1981  price  levels  are  used  for  this  display  item. 

Environmental  Quality  (EQ)  -  The  environmental  objective  is  achieved 
by  the  management,  conservation,  preservation,  creation,  restoration  or 
improvement  of  the  quality  of  certain  natural  and  cultural  resources  and 
ecological  systems.  This  objective  reflects  society's  concern  that  the 
natural  environment  be  maintained  and  enhanced  as  a  source  of  present 
enjoyment  and  a  heritage  for  future  generations.  This  account,  along  with 
the  two  accounts  immediately  following,  have  footnotes  that  depict 
specific  impacts. 

Social  Well-Being  (SWB)  -  This  account  includes  raoBt  of  the  benef  ts 
traditionally  termed  intangible  under  existing  practice.  Impacts  and 
social  well-being  are  best  described  in  terms  of  effects  on  health, 
safety,  community  well-being,  educational,  cultural,  and  recreational 
opportunities. 

Regional  Development  (RD)  -  This  acount  includes  impacts  of  the 
proposed  plan  upon  the  impacted  area  in  terms  of  resources  displaced  or 
better  used  in  the  event  that  the  plan  is  implemented.  Other  components 
are  the  number  and  types  of  jobs  gained  or  lost  due  to  the  action,  the 
effects  the  action  has  on  distribution  of  population  and  the  losses  or 
gains  in  output  resulting  from  external  diseconomies  within  the  relevant 
regions.  If  a  direct  monetary  economic  benefit  or  loss  is  attributable  to 
the  action,  it  is  Included  under  the  heading  National  Economic  Develop¬ 
ment. 


Nomenclature  -  Footnotes  used  in  Table  2-17  for  the  System  of 
Accounts  analysis  are  as  follows: 
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CODE 


MEANING 


General 


YES  Effect  occurs  in  region  shown 

NO  Effect  does  not  occur  in  the  region 

NA  Effect  is  not  applicable  to  the  region 

NQ  Effect  has  not  been  quantified 

NE  Effect  has  not  been  evaluated 

*  Effect  is  specifically  designated  in  Section  122  of  Public  Law 

91-611  as  one  which  must  be  identified  and  evaluated 

Timing  of  Impact 

1  Designates  that  the  impact  is  expected  to  occur  prior  to  or 
during  plan  implementation 

2  Designates  that  the  impact  is  estimated  to  occur  in  15  years  or 
less  after  implementation  of  the  plan 

3  Designates  that  the  impact  is  estimated  to  occur  later  than  15 
years  after  the  implementation  of  the  plan 

Uncertainty 

4  Designates  that  the  level  of  uncertainty  associated  with  an 
impact  is  greater  than  50  percent 

5  Designates  an  uncertainty  range  of  10-50  percent 

6  Designates  an  uncertainty  range  of  0-10  percent,  thus  suggesting 
that  the  impact  is  virtually  certain 

Doubie  Classification 

7  Designates  that  the  SWB,  EQ,  or  RD  account  item  analyzed  has  been 
fully  monetized  and  counted  as  an  NED  beneficial  or  adverse  con¬ 
tribution 

8  Designates  that  the  SWB,  EQ,  or  RD  account  item  analyzed  has  been 
partially  monetized 

Actual  or  Potential  Effect 

9  Designates  that  the  contribution  would  likely  occur  without  any 
action  by  any  entity  other  than  the  proposed  implementing  agency, 
or  the  required  action  is  extremely  likely  to  occur  through  the 
economic  or  natural  physical  systems 

10  Designates  that  the  achievement  of  the  beneficial  contribution 
requires  positive  Governmental  action  by  another  agency,  other 
than  cost  sharing.  The  adverse  contribution  associated  with  this 
action  would  likely  be  prevented  by  Government  action 

11  Used  when  coordination  indicates  that  the  action  required  by 
other  agencies  would  not  be  forthcoming. 
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COMPARISON  OF  DETAILED  PLAL'b 


Comparison  of  Plana  -  Only  die  Berkeley  LPP  plans  were  found  to  be 
economically,  technically,  environmentally  and  socially  feasible.  Table 
2-17  Is  a  matrix  showing  quantitative  and  qualitative  assessments  of  the 
impacts  of  the  flood  protection  plans  versus  the  without  condition  on  the 
NED,  EQ,  SWB  and  RD  factors.  The  baseline  condition  for  EO,  SVJB  and  RD 
assessments  is  the  present  degree  of  development  in  the  study 

The  National  Economic  Development  (NED)  portion  of  Table  2-17  wns 
determined  by  in-depth  engineering  and  economic  studies.  The  development 
of  benefits  and  costs  for  the  Berkeley  Local  Protection  Plans  are  detailed 
in  Appendix  7.  All  costs  and  benefits  for  the  plans  are  based  on  the 
interest  rate  of  7-3/8  percent  and  June  1981  price  levels. 

Based  on  the  NED  factor,  the  Berkeley  structural  Plan  A  with  a  100 
year  life  provides  a  benefit/cost  ratio  of  1.35  and  protects  the  plants 
which  are  vulnerable  to  flooding  along  the  Rlackstone  River  in  the 
community  of  Cumberland,  Rhode  Island.  A  planning  objective  of  the  study 
is  to  provide  the  greatest  possible  degree  of  protection  to  the  largest 
area.  The  Engineering  Circular  1105-2-47,  "Flood  Damage  Reduction  Policy: 
Level  of  Protection,"  specifies  that  protection  in  urban  areas  be  afforded 
up  to  a  standard  project  flood  level  as  long  as  it  is  economically  justi¬ 
fied.  The  non-structural  Plan  B  provides  100  year  level  protection  with 
BCR's  ranging  from  1.0  to  4.0  based  on  a  20  year  life. 

The  impacts  on  environmental  quality  are  indicated  in  part  2  of  Table 
2-17,  System  of  Accounts,  between  the  plans  of  protection  and  without 
condition.  In  "Environmental  Impacts”  the  adverse  effects  are  either 
major  or  minor. 

Major  -  No  significant  impacts  to  man's  environment  should  result 
from  the  construction  of  either  Plan  A  or  B.  Plan  A  borrow  operations 
might  have  a  significant  impact,  but  until  a  borrow  site  is  located  this 
cannot  be  determined. 

Minor  -  A  minor  impact  for  Plan  A  would  result  from  the  elimination 
of  approximately  11  acres  of  plant  and  animal  habitat  by  the  dike  and 
the  wall.  Also,  about  2.5  acres  of  habitat  adjacent  to  the  wall  and  dike 
will  be  temporarily  disrupted  because  of  the  construction  activities. 
Turbidity  will  increase  in  the  Blackstone  River  due  to  erosion  from 
exposed  land  and  from  filling  operations.  This  problem  can  he  substan¬ 
tially  reduced,  however,  by  proper  planting  of  exposed  areas  and  by  proper 
construction  practices.  The  beneficial  impacts  are  also  included  in  these 
reports. 

With  proper  planting  of  the  interior  portion  of  the  dike,  approxi¬ 
mately  2.2  acres  of  prime  small  animal  habitat  could  be  created.  The 
quality  of  the  habitat  would  exceed  the  present  conditions  and  an  increase 
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in  animal  population  would  likely  occur.  In  addition,  the  dike  and  wall 
would  protect  nesting  and  forage  areas  of  the  resident  population  of 
animals. 

Social  Well-Being  impacts  are  designated  in  Section  3  of  Table  2-17. 
Four  industries,  a  municipal  pumping  station  and  the  Berkeley  Oval  ball- 
field  would  be  protected  by  Plan  A.  The  effect  on  downstream  flooding 
would  be  slight,  while  the  effect  on  public  health  and  safety  would  be 
slightly  negative  only  during  construction.  Plan  B  would  provide  protec¬ 
tion  to  three  industries  and  the  pump  station. 

In  regard  to  the  Regional  Development  Account  the  structural  plan  for 
Berkeley  LPP  would  have  positive  impacts.  The  effects  are  indicated  in 
Table  2-17.  Construction  activities  for  Plan  A  would  produce  many  new 
jobs  and  increase  spending  in  the  area.  The  industrial  and  commercial 
establishments  along  the  river  would  be  afforded  a  high,  if  not  complete 
degree  of  protection  against  flooding  and  that  could  induce  them  to  expand 
their  operations.  As  they  expand,  more  permanent  type  jobs  would  be 
created.  All  of  the  anticipated  land  growth  or  urban  factors  would 
conform  with  the  proposed  land  use  and  zoning  criteria  currently 
established  by  the  impacted  municipalities. 

PLAN  SELECTION 

On  16  June  1981,  the  Corps  met  with  the  Mayor  of  Cumberland,  the  Town 
Council  and  representatives  of  the  three  industries  to  review  the  struc¬ 
tural  Plan  A  and  a  cost  effective  Nonstructural  Plan  B  to  determine  the 
support  of  each  plan.  Attending  the  two  meetings  on  16  June  were: 

Berkeley  Industries  and  Mayor  at  2  p.m.  -  4  p.m.  at  Roger  William's  Plant 

Len  Furtado,  Staff  Assistant,  Congressman  St.  Germain's  Office 
Francis  R.  Stetkiewicz,  Mayor,  Town  of  Cumberland 

Scott  B.  Laurans,  Treasurer-Exec.  Vice  President,  Roger  Williams  Foods 
(Plant  Engineer  also  attended) 

R.L.  Gilson,  National  Distribution  Manager,  Health-Tex  Inc. 

Dick  Chretien,  Plant  Engineer,  Health-Tex  Inc. 

A.F.  Angelone,  Plant  Manager,  The  Okonite  CO. 

A1  Ereio,  Tax  Assessor,  Cumberland 

Arthur  Doyle,  Section  Chief,  Comprehensive  River  Basin  Section,  Corps 
Robert  Hunt,  Acting  Project  Manager,  Corps 

Town  Council,  Cumberland  7  p.m.  -  8:30  p.m.  at  the  Town  Hall 

Mayor  Stetkiewicz 

Daniel  J.  Alves,  Town  Councilman,  District  No.  1 
Tony  Sauser  I,  Town  Councilman,  District  No.  2 

Michael  A.  Kelley  (Attorney),  Town  Councilman,  District  No.  3  (Berkeley) 

L.  Richard  Savage,  Town  Councilman,  District  No.  4 
A.  Doyle  and  R.  Hunt 
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A  comparison  of  the  plans  similar  to  Table  2-ld  was  provided  along 
with  displays  similar  to  plates  1  and  5  in  the  Main  Report. 

The  more  significant  differences  between  the  two  plans  ■  --hown  ..:i 
the  table.  Plan  A  meets  tue  planning  object  i  •  er.  -  •  pro*.*:  in  standard 
Project  Flood  (SPF)  protection  to  the  induatrlc;s,  employe-'-  end  ether 
facilities  in  the  Berkeley  Industrial  Park  over  s  IDO  yea;  period.  The 
SPF  level  of  protection  exceeds  the  level  of  the  1955  record  t iood  by 
three  feet.  Plan  B,  although  not  providing  SPF  protection,  does  provide 
protection  against  a  reoccurence  of  the  flood  of  record.  Employees, 
however,  would  need  to  evacuate  the  area  until  flood  waters  recede. 

The  first  cost  of  Plan  A  is  considerably  higher  than  Plan  B,  although 
both  have  positive  Benefit-to-Cost  ratios,  thus  both  are.  economically 
justified.  Plan  B  with  its  higher  BCR  demonstrates  higher  economic  effi¬ 
ciency  with  higher  benefits  per  dollar  of  annual  cost. 

Two  significant  problems  associated  with  Plan  A  are  the  potent ia 
adverse  impacts  on  the  Historic  Blackstone  Canal  and  on  the  Owens-Corn 
Flberglas  plant  In  Ashton.  Prat frainarv  indications  are  that  the  dike 
would  restrict  the  cross-section  of  the  river  •md  increase  the  velocitv  of 
the  river.  This  could  possibly  cause  additional  erosion  along  the  already 
eroding  tow-path  dike  of  the  canal.  Detailed  investigations  would  need  to 
be  accomplished  during  Advanced  Engineering  and  Design  to  determine  If  a 
signficant  Impact  would  exist. 

The  dike  as  designed  in  Plan  A  would  cause  flood  stages  upstream  in 
Ashton  to  be  about  0.7  feet  higher  for  iOO  year  frequency  flood  and  1.7 
feet  for  a  SPF  event.  Several  alternatives  were  being  considered  to 
reduce  this  impact  on  Owens-Corning  such  as  outright  compensation,  raising 
the  plant's  existing  level  of  nonatructural  protection  or  chosing  nothing. 
Support  for  Plan  A  under  Legislated  Cost  Sharing  was  previously  provided 
by  letter  from  the  Town;  however,  another  meeting  was  scheduled  for  1  duly 
81  to  determine  support  for  Plan  B  following  the  resolution  of  a  number  of 
questions. 

The  major  questions  dealt  wtch  the  feasibility  of  implementing  plans 
under  the  cost  sharing  options.  Implementation  of  Plan  A  would  require 
from  7  to  10  years  if  approved  and  funded  by  Congress.  The  traditional  or 
legislated  cost  sharing  required  local  interests  to  pay  lands,  damages, 
utilities  and  relocations,  and  annual  operation,  maintenance  and  interim 
replacement  costs.  However,  L.ie  former  administration  had  proposed  a 
policy  where  non-Federai  interests  pay  a  larger  share  than 
traditionally.  As  well  as  the  traditional  annual  costs,  the  State  would 
pay  5-percent  and  local  interest  20-percent  of  the  first  cost. 


TABLE  2-18 


COMPARISON  OF  SIGNIFICANT  DIFFERENCES 
BETWEEN  FINAL  ALTERNATIVE  PLANS 

BERKELEY  LOCAL  PROTECTION 
(June  1981  Price  Level) 

PLAN  A  PLAN  B 

1.  DescripClon:  SPF  Structural  Flan  100-year  Nonstructural 

2.  Level  of  Protection:  SPF:  Average  3-feet  100-year:  Approx.  1955 

above  100-year  or  flood  level 

1955  flood  level 

3.  Project  First  Cost:  $6,142,000  $1,216,900 

4.  Benefit-to-Cost  Ratio:  1.4  to  1  2.5  to  1  (Average) 

5.  Town  of  Lincoln’s  Minor  Impact  for  No  Impact 

Historic  Canal:  100-year  event 


6.  Increase  flood  stage  100-year  by  0.7  feet 

at  Owens-Corning  SPF  by  1.7  feet 

Fiberglass: 

Ave.  Annual  Loss  Increase:  $100,000  (Approx.) 

7.  Plan  Support:  Federal/State/Local 

support;  Town  of 
Lincoln' 8  Conser. 

Comm,  opposed. 

8.  Implementation  *  Complete  feasibility 

Process:  report 

*  Extensive  report 
review 


*  Congressional 
Authorization 

'  Congressional  Funding 

*  Local  Assurances  & 
Funding 

9.  Project  Completed:  7-10  years,  if  author¬ 

ized  by  Congress 

10.  Cost  Sharing 

(1)  Legislated:  Federal 

First  Cost:  $5,916,000 

Non-Federal  First  Cost:  $  226,000 

Incl.  168k,  land  &  damages 
58k,  roads/utilities 
relocation 

Non-Federal  0&M  &  Replace:  $  16,700/year 

(2)  President's  Policy: 

Federal  First  Cost:  $4,606,500  (75%) 

Non-Federal  First  Cost:  $1,535,500  (25%) 

Non-Federal  OaM,  4  Replace:  $  16,700/year 


None 

None 

None 

Town  and  local  industry 
support,  July  1981. 


*  Detailed  Planning 
'  Limited  report 

review 

*  Corps'  Sec.  205 
Author,  and  Funding 
Section  73 

*  Local  Assurances  & 
Funding 

3-4  years,  if  approved 
by  Corps 


$973,500  (80%) 
$243,400  (20%) 
Incl.  $59,400  L&D 


$  1,100/year 

n/a 

n/a 

n/a 
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Plan  B,  however,  could  be  Implemented  in  3-4  years  under  the  Corps' 
small  project  authority.  Cost  sharing  under  Section  73  of  Public  Law 
92-251,  would  require  local  interests  pay  annual  costs  plus  20-percent  of 
first  costs. 

The  major  questions  tere  whether  any  projects?  had  bee  a  ded  under 
these  cost  sharing  options,  and  what  was  the  feasibility  r,r  each  plan 
being  implemented.  The  industries  also  wanted  to  determine  tfie.r  annual 
insurance  savings  under  each  plan  prior  to  plan  selection. 

At  the  1  July  1981  meeting  the  Questions  and  Answers  in  Tab]**  2-id 
were  provided  the  Mayor,  Town  Council  and  industry  representatives. 
Attending  the  meeting  on  l  July  were: 

Roger  Williams  Plant,  Berkeley 

Mayor  Francis  R.  Steckiew  cz,  Town  of  Cumberland 

Michael  A.  Kelley  (Attorney),  Town  Councilman,  Dist.  #3  (Berkeley) 

L.  Richard  Savage,  Town  Councilman,  Ust. 

A1  Ereio,  Tax  Assessor,  Cumberland 

R.L.  Gilson,  National  Distribution  Manager,  Health-Tex  Inc. 

Scott  B.  Laurans,  Treasurer-Exec.  V-'  President,  Roger  Williams  Foods 
Arthur  Doyle,  Ch.,  Comp.  River  Basin  ^ec. ,  Corps 
Robert  Hunt,  Acting  Project  Manager,  Corps 

Questions  Q1  to  Q'»  received  very  Little  discussion  due  to  the.  Answers 
in  Q5  to  Q9.  It  was  apparent  from  the  later  answers  that  their  was  very 
little  chance  that  Plan  A  would  be  approved  hv  Congress  under  the  tradi¬ 
tional  or  Legislated  Cost  Sharing,  since  indications  were  that  the  current 
administration  was  formulating  cost  sharing  policies  similar  to  the  former 
administration's.  Since  the  Non-Federal  Cost  of  Plan  A  at  25  percent 
exceeded  the  Town's  resources,  representatives  at  the  meeting  generally 
concluded  that  only  Plan  B  currently  appeared  impleraentable  and  would  he 
better  than  no  plan.  The  industry  representatives  who  were  present  at  the 
meeting  (Roger  Williams  and  Health-Tex)  both  indicated  they  could  help 
finance  Plan  B  from  flood  insurance  savings. 

Plan  B  was  selected  for  implementation  under  the  Corps'  Continuing 
Authority  (see  31  July  8!  letter  from  the  town  of  Cumberland  in  Main 

Report) . 


1  July  1981 


TABLE  2-19 

BERKELEY  LOCAL  PROTECTION 
QUESTIONS  AND  ANSWERS 
(Following  16  June  1981  Meeting) 


Q-l  WHAT  IS  PLAN  A's  DIKE  EFFECT  ON  THE  RIVER? 

A-l  From  Martin  Street  Bridge  to  the  upstream  end  of  the  proposed  dike, 
there  would  be  no  significant  change  in  river  velocity;  although  for 
a  100-year  frequency  flood  event  the  stage  of  flooding  would  average 
1.7  feet  higher  with  the  dike  than  without  it. 

From  Martin  Street  Bridge  to  the  downstream  end  of  the  proposed  dike, 
there  would  be  about  a  30  percent  increase  in  river  velocity  for  a 
100-year  event  with  only  a  slight  increase  in  river  stage. 

Q-2  WILL  THERE  BE  AN  IMPACT  ON  THE  CANAL? 

A-2  The  Corps  would  need  to  determine  the  current  stability  of  the  canal's 
tow  path  dike  and  its  susceptibility  to  erosion  with  and  without 
Plan  A  to  determine  if  an  impact  is  significant.  This  would  be  accom¬ 
plished  during  the  Advanced  Engineering  and  Design  Phase.  If  the  impact 
is  significant,  solutions  to  mitigate  the  impact  will  be  discussed  and 
appropriate  costs  would  be  included  in  the  project  cost  for  the 
accepted  solution. 

Q-3  WHAT  IS  PLAN  A's  IMPACT  IN  ASHTON? 

A-3  Plan  A  would  raise  the  river  stage  in  Ashton  about  0.7  feet  for  the 
100-year  flood  event  and  1.7  feet  for  a  Standard  Project  Flood  (SPF) 
event.  This  impact  would  increase  flood  stages  at  both  a  residence  in 
Lincoln  adjacent  to  the  Washington  Bridge  and  at  the  Owens-Corning 
Fiberglas  Plant  on  the  river. 

0-4  WHAT  MEASURES  CAN  BE  TAKEN  TO  REDUCE  IMPACTS? 

A-4a  The  resident  could  be  considered  for  relocation  or  the  building  flood 
proofed.  The  measures  would  be  evaluated  during  AE&D  and  if  feasible 
this  cost  would  be  included  with  the  project  cost,  and  in  cost  sharing 
for  Plan  A. 

A-4b  Several  options  are  being  considered  to  reduce  possible  impacts  at 
Owens-Corning:  nonstructural  flood  proofing,  structural  flood 
protection,  change  in  Berkeley  project  design,  compensation  for  damages, 
relocation  of  Fiberglas  or  do  nothing. 
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Q-5  HAS  THE  CONGRESS  AUTHORIZED  AND  FUNDED  ANY  FLOOD  CONTROL  PROJECTS 

UNDER  EITHER  COST  SHARING,  i :-AD [TTONAL/LEGI SLATED  OR  THE  PRESIDENT'S 
POLICY,  SINCE  THE  PRESIDENT'S  POLICY  WAS  ESTABLISHED? 

A- 5  No. 

Q-6  WHAT  ARE  THE  CHANCES  OF  PLAN  A  BEING  IMPLEMENTED  UNDER  '-'A "r’“ 

COST  SHARING? 

A-6  The  current  administration  is  presently  preparing  their  cost  sharing 
policy.  Indications  are  that  their  policy  will  more  closely  resemble 
the  former  administration  policy  175  percent  Fcderal/25  percent  non- 
Federal)  rather  than  the  legislated  with  non-Foderal  interests  only 
paying  lands,  damages  and  relocations).  Approval  of  Plan  A  with 
traditional  cost  sharing  is  very  unlikely. 

Q-7  CAN  THE  C 'RPS  RECOMMEND  PLAN  A  WITH  TRADITIONAL  COS!  SHARING? 

A- 7  No,  the  Corps  can  onlv  recommend  Plan  A  under  the  President's  Policy, 
hc-.vver ,  we  could  note  that  locals  onlv  support  the  plan  under  tradi¬ 
tional  cost  sharing. 

'?-8  HAS  THE  CORPS  EVER  AUTHORIZED  A  NONSTRUCTL RAL  PLAN  UNDER  THE  SECTION  205 
AUTHOR  I  Tv 

A-8  Yes,  several  projects  have  recently  been  authority  d  under  Section  20r- 

wich  funding  under  Section  7)  (P.L,  c>3-25]'>  the  Water  Resources  Develop¬ 
ment  Act  of  1974  U'.  Warwick,  Rhode  Island  (design  underway),  California 
(approved  bv  Washington). 

Q-9  HOW  WOULD  PLAN  !>,  NONSTRUC  IURAL  BE  IMPLEMENTED? 

A- 9  The  Corps  would  immediately  turn  Plan  B  over  to  our  Small  Project 
Section  for  completion  of  a  Detailed  Project  Report  (DPR).  After 
Corps  approval  plans  and  specs  would  be  prepared  and  construction 
funded . 
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PREFACE 

This  appendix  includes  pertinent  Congressional,  Federal,  State 
and  local  correspondence  regarding  support  and  concerns  for 
implementing  the  flood  management  plan.  These  concerns  were  based  on 
preliminary  findings  reported  in  advance  of  study  completion. 

Comments  from  those  on  the  inclosed  list  reviewing  the  draft  report 
will  be  Included  in  the  final  appendix.  Appropriate  changes  or 
additions  have  been  made  to  the  report. 
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DESCRIPTION  OF  PUBLIC  INVOLVEMENT  PROGRAM 


In  keeping  with  the  policy  of  the  Chief  of  Engineers  to  conduct 
his  Civil  Works  program  in  an  atmosphere  of  public  understanding, 
trust,  and  mutual  cooperation,  all  interested  individuals  and 
agencies  were  informed  and  afforded  an  opportunity  to  be  fully  heard 
and  their  views  considered  in  arriving  at  conclusions,  decisions,  and 
recommendations  in  the  formulation  of  civil  works  proposals,  plans, 
and  projects  and  on  the  proposed  uses  of  navigable  waters.  Formally 
organized  and  announced  public  meetings  provide  one  important  means 
of  accomplishing  this  objective.  Other  desirable  public 
participation  and  information  measures  such  as  workshops  and  close 
coordination  between  towns  and  individuals  also  contributed  to  this 
objective. 

Formality  is  intended  only  in  respect  to  organization  and 
announcement.  The  atmosphere  of  the  meetings  were  informal  to  the 
extent  practicable,  in  keeping  with  the  concept  of  public  involvement 
and  the  need  to  encourage  and  develop  more  meaningful,  two-way 
communication. 

The  primary  purpose  of  the  public  meetings  was  to  help  insure 
that  solutions  to  flooding  problems  satisfy  the  needs  and  preferences 
of  the  people  to  the  maximum  degree  possible  within  the  bounds  of 
local,  State,  and  Federal  interests,  responsibilities,  and 
authorities.  More  specifically,  the  purposes  of  the  public  meetings 
were  to  inform  the  public  about  studies  and  proposals  related  to 
flooding  and  to  give  all  interested  persons  an  opportunity  to  fully 
and  publicly  express  their  views  concerning  such  studies  and 
proposals;  to  obtain  and  exchange  information  which  will  assist  all 
those  involved  in  arriving  at  sound  conclusions  and  recommendations ; 
and  to  contribute  to  interagency  coordination. 

An  initial  meeting  was  held  early  in  the  course  of  the  study,  in 
May  1969,  to  define  the  nature  and  scope  of  the  study,  to  open  lines 
of  communication,  to  listen  to  the  needs  and  views  of  the  public,  and 
to  identify  interested  individuals  and  agencies. 

Throughout  the  study,  close  contact  was  continued  with 
Congressman  St.  Germain's  office,  the  Pawtucket-Blackstone  Valley 
Chamber  of  Commerce,  the  Blackstone  Valley  Council  of  Government,  the 
State  of  Rhode  Island  Historical  Preservation  Committee,  the 
Pawtucket-Hlackstone  Valley  Chamber  of  Commerce,  the  Governor's 
office,  and  the  Committee  for  the  Advancement  of  Natural  Areas  In 
Lincol n. 

Although  no  action  was  taken  at  the  time,  the  complaints  and  the 
suggestions  were  noted  from  the  above  groups  and  were  considered  when 
the  study  of  the  Berkeley  area  in  Cumberland,  Rhode  Island  was 
underway. 


A  late  stage  meeting  was  held  in  December  1978  after  detailed 
studies  but  before  report  completion.  Findings  of  the  detailed 
studies,  including  the  rationale  for  any  proposed  solution,  and  the 
tentative  recommendations  of  the  reporting  officer  were  presented. 

Correspondence  was  maintained  after  the  7  December  1978  public 
meeting  with  the  towns  of  Lincoln,  Central  Falls,  and  Cumberland  is 
well  as  the  Rhode  Island  statewide  planning  program. 

The  towns  of  Lincoln  and  Cumberland  have  requested  another 
meeting,  but  it  has  not  yet  been  held  because  of  the  delay  regarding 
the  details  of  the  President's  cost  formula. 

Following  are  the  summaries  of  the  public  meeting  held  in  1969 
and  in  1978  with  correspondence  regarding  each  meeting. 

SUMMARY  OF  MAY  1969  PUBLIC  MEETINGS 

Cn  initiation  of  the  Pawcatuck  River  and  Narragansett  Bay 
Drainage  Basins  Study,  in  early  calendar  year  1969,  four  public 
hearings  were  heLd,  one  each  in  Taunton  and  Uxbridge,  Massachusetts; 
Providence  and  Kingston,  Rhode  Island.  The  purpose  of  these  hearings 
was  to  afford  Individual  citizens,  municipal  and  State  officials,  and 
other  Federal  agencies  an  opportunity  to  present  their  views  and 
desires  concerning  the  need  and  extent  of  improvements  on  flood 
reduction  measures  and  other  interrelated  water-oriented  resources. 

To  supplement  information  received  at  the  pubLic  meetings,  and 
to  fully  evaluate  and  update  the  inventory  of  t Lood  problem  locations 
and  related  water  resource  needs,  letters  requesting  such  information 
were  mailed  to  responsible  local  officials.  Concurrently  numerous 
informal  meetings  with  State  agencies,  the  Pawtucket-Blackstone 
Valley  Chamber  of  Commerce,  and  personal  contacts  with  Federal 
agencies  and  Individual  citizens  were  initiated. 

Since  the  Initial  hearings,  additional  requests  for  Federal 
assistance  in  solving  specific  flood  problems  have  been  received. 

Some  of  t'c  requests  have  been  considered  under  other  existing 
authorities  available  to  the  Corps  of  Engineers,  such  is  Section  205 
of  the  Flood  Control  Act  of  1948,  as  amended.  Other  requests 
received  and  processed  came  under  the  purview  of  the  clearing  and 
snagging  authority  as  covered  in  Section  208  of  the  Flood  C.ontol  Act 
of  1954,  as  amended;  Section  14  of  the  1946  Flood  Control  Act 
involving  emergency  bank  slope  protection;  and  PL  99  consisting  of 
restoration  of  existing  works. 

Substantial  local  support  has  been  growing  steadily  within  the 
Blackstone  River  watershed.  The  Pawtucket-Blackstone  Valley  Chamber 
of  Commerce  has  expressed  an  Interest,  and  has  supported  and  been 
Instrumental  In  the  acceleration  of  the  studies  in  this  watershed. 


That  organization  has  offered  encouragement  and  has  disseminated 
information  to  local  interests  asking  for  their  whole  hearted 
support.  This  has  resulted  in  meetings  becoming  more  fruitful  with 
indications  of  general  support  and  genuine  willingness  to  participate 
in  the  investigation  of  the  watershed. 

The  General  Manager  of  the  Rhode  Island  Water  Resoun  er,  Board 
brought  attention  to  the  State  water  supply  plans  which,  through 
development  of  new  surface  reservoirs  ami  ground  water  supplies, 
would  provide  the  '.Itate  wi*-h  an  adequate  supply  for  all  purposes  up 
to  the  year  2020.  These  plans  were  presented  so  that  proper 
consideration  would  be  given  in  light  of  the  flood  control  studies. 

Other  requests  for  improvements  desired  included  channel 
modification  involving  various  methods  of  restoration  work  such  as: 

a.  Possible  elimination  of  abrupt  turns  and  oxbows. 

b.  Widening,  deepening  and  channel  realignment  of  certain 
stretches  of  river. 

c.  Improvement  of  waterway  ureas  at  bridges,  culverts  and  at 
other  constriction  points. 

d.  Select  Ive  planting  and/or  revetment  works  for  alleviating 
erosion  problems. 

e.  Removal  of  shoals,  sandbars,  and  nilrs  impeding  minor 
floodflows. 

f.  Removal  of  vegetation,  overhanginv.  trees,  shrubs,  and 
accumulated  silt  and  debris  at  critical  pi  ints. 
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CORRESPONDENCE  PRIOR  TO  THE 
7  DECEMBER  1978  PUBLIC  MEETING 


Letters  From: 

Congressman  Fernand  St.  Germain  -  5  August  1970 
Congressman  Fernand  St.  Germain  -  19  March  1971 
Pawtucket-Blackstone  Valley  Chamber  of  Commerce  -  19  October 

1971 

Pawtucket-Blackstone  Valley  Chamber  of  Commerce  -  10  March  1972 

Blackstone  Valley  Council  of  Governments  -  2  April  1974 

Blackstone  Valley  Council  of  Governments  -  12  December  1974 

State  of  Rhode  Island,  Historical  Preservation  Commission  -  2 
February  1977 

State  of  Rhode  Island,  Historical  Preservation  Commission  -  5 
April  1977 

Congressman  Fernand  St.  Germain  -  12  July  1977 

US  Department  of  Interior,  Fish  6.  Wildlife  Service  -  22 
September  1977 

State  of  Rhode  Island,  Governor  -  17  November  1978 

State  of  Rhode  Island,  Governor  -  20  November  1978 

Congressman  Fernand  St.  Germain  -  20  November  1978 

State  of  Rhode  Island  Historical  Preservation  Commission  -  21 
November  1978 

Committee  for  the  Advancement  of  Natural  Areas  in  Lincoln  -  1 
December  1978 

US  Department  of  Agriculture,  Forest  Service  -  4  December  1978 
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FERNAND  J.  ST  GERMAIN 
1ST  Distinct,  Rhooc  Imjwd 


Congress  of  fte  fclntteb  states 
%ouit  of  fcepredentatibesi 
Washington,  S.C.  20515 


CoMMirrws 

BANKING  AND  CURRENCY 
GOVERNMENT  OPERATIONS 


1*01  Lqwworth  House  Office  Bum. 
NASHINGTON.  O.C.  20918 

*00  Custom  House 
PROVIDENCE.  R.i.  02903 
TBL.I  272-7390 


August  1-/70 


lit.  den.  F.  J.  Clarke 
Chief  of  Engineers 
Department  of  the  Army 

•/ashington,  C.  2 0310 


Dear  General  Giarke: 


At  the  end  *>f  July  the  Black. stone*  diver,  ','or/:.:oc;-;el: . 
hi. one  Island,  washed  out  VJconsocKet '  s  trunk  i  in  it. ary  ~r'.- 
crossing  the  river,  renderin'*  it  useless,  and  poll  ut  in, 
the  river  because  of  the  continuous  flood  of  r.c-wa,  »  . 
i.M.rouiate  l.y  r,ont  acted  ft....  pranr  ?.  Bane,  Jew  i-n<  I  and 
Division,  .’'.’ns  of  Engineer:: .  Wa  itham .  'lassacwu.-v-tts ,  -ini 
with  nis  cocc. .-ration  arra  ».*e«i  a  .Oi-finp  that  was  uttenjf  <t 
by  !ayor  .  ;  an  Lussier.  i*».  '’ni-.or’  ’-'use  .  reM.rr  o  '' 

Public  Works ,  hr.  Edwin  Coffin ,  and  '  .  Charier  f.ull  j  vn. . 

inis  meeting  was  neld  on  Mon.iay .  Au.-ust  3. 


With  the  completion  of  tne  two  existing  flood  contr-  i 
projects  in  the  upper  and  lower  i-es  -  ,K-s  of  the  Blacks! cne 
River,  it  Is  now  concluded  that  too re  is  a  definite  are a 
for  protective  work  along  both  bemes  of  the  river  in  i  no 
area  between  the  two  projects. 


The  river  has  eaten  away  much  of  the  island  that 
:  :  l sued  i  n  the  old  Bernon  rind.  With  the  continuous  ero¬ 
sion  of  the  last  bank,  th  i  ‘river-  now  flows  dan  vm’ousIv 
close  t'..  the  rv'T  of  the  cones  facin'*,  Front  "trewt  in 
.'nonsoci  pi  .  ,  hi. 3  condition  is  r  euse  -r  great  concern . 

When  hernen  ?onn  war  in  in  -  ted,  the  above  lent. zoned 
i  r.  land  disapn  ?ur-?d.  ’ith  t  a  ?  .nr  of  the  «}v*<  ...  '  ret  ;  ?-t*o 
:;ran  the  i  jraspo-l  an  opn art  unity  to  fill  In  t  r"  it 
"  i  annul  tin  create  a  .  •nervations  i  are?  by  the  fivm'1;;  .■■  '  in 
n  area  would  have  beet,  a  "Urcw  of  nr  in  ■  f  nr  tir 
wmie  coir  un '..t  / .  Unfcrt  n  telv  .  t'rc.  nigh  water  of  7n;cu  . 
.  .  cut  ,  rn  the  olu  cr  arinei,  a  r.i  recreatr  >  ti.e  ’■  'Irn  : 
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[•'rankly,  there  is  a  very  serious  question  in  rv 
mind  as  to  whether  or  not  the  runt ure  of  the  rwvtn-  'ire 
was  caused  by  the  flood  control  work  on  the  urr.  f  ml 
lover  reaches. 

./hen  the  last  phase  of  flood  control  was  heir.,: 
do  .signed,  it  is  ■:/  understanding  that  the  arc;;  s*  1  ■ 
question  was  found  ineli aible  because  it  did  no*..  :  .-;ci 
the  cost-ben  fit  ratio  requirements. 

.,'inc  that  time,  however ,  man'.'  events  arm  emu..  ;r>. 
have  taker,  nla.cn.  There  nave  seen  emblems  w !  v .mi  - 
station  of  the  electric  company,  .and  .  everai  j  r.ju;.-  rJ  / 
slants  have  teen  affected,  {few  emphas  t 3  ,  hurt:;-  rr  ort 
Is  being  placed  upon  other  factors  h  ’  >*;  e-  ms  idem.  J , 
such  .j  the  .3  re  on  Acre;-,  Program .  m-o}..  ;y,  and .  o.vt  ur  '  1 
prevention  >f  pollution.  In  addition,  the  'am.i.c 
provides  for  the  erection  of  recreations]  faci'J  is  1  ns  in 
a  reclaineu  area  behind  the  Island  Place  section  of  t  ,t 
blacks  tone  fiver  betwvv-n  houth  Tain  treet  and  ornon 
ft  rent . 

.'here fore ,  T  am  request  ln&  that  a  ore-1  iminar.  steel 
be  made  of  toe  hlaekstone  ">lv<-r  a  .  m '-  ei  n  1;  *  3  0  • 

of  th  :  upper  mu  lower*  flood  protect  i*  -reject.’’ .  J 


test  villa  1  1;/  b‘*  m:  do  "’In  a  .<  j  ev;  to  del  err  imp  * 
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1  snoedy  r.mly  'ini. 

nope  >'u  1  1  ’ 

r.  study  is  m 
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since  the  e  u, on  i  i  ture  to 
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know  In  :  whet  liar  tuis  •” .  ood  ,;erl*  car.  b.  done  prior  to 
finalizin’  clans  for  the  sower  liar 


si/.i; 


does  tvot 

rd-,mton 


l 


R«produc«d  from 
b«Jl  »v»il»bl«  COPY- 


,*ct,  RWOOC  I  S.u.i 

House  Orrtcc  Sue. 
mshincton.  D  C.  2Ci:s 

J'j*m  C-  Fooa*tv  Bwcnq 
Ot'ISCHGC.  H.l.  OZVii 
T«U:  S2»-4J23 


Congress  of  tfje  (Hnitch  States; 

$ouse  ot  xyepreSentatiUcS 

CSascinslon,  D.€.  20515 


P  ‘.N*.'*-  u  A* 
tOVT*JNMf.A 


Us 


March  19th,  1971 


Col.  Frank  P.  Bane 
New  England  Division  Engineer 
Department  of  the  Army 
Waltham,  Massachusetts 

Dear  Colonel  Bane: 


I  discussed  this  preliminary  brief  with 
members  of  your  staff.  Mr.  Don  Martin  asked 
that  I  forward  it  for  evaluation  so  that  you 
might  recommend  to  me  which  route  should  be 
followed  to  further  help  this  regional  flood 
control  project. 

Your  comments  and  advice  would  be  deeply 
appreciated  by  all  the  individuals  and  businesses 
affected. 


Yours  sincerely, 

Jernand  •’’j-T  St  Germain 
Member  of  Congress 
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A  BFIEF  SUPPORTING  AN  APPLICATION  FOR  A 
BLACKS TONE  RIVER  FLOOD  CONTROL  PROJECT 


TO 

THE  HONORABLE  FRANK  LIGHT 
GOVERNOR,  STATE  OF  RHODE  ISLAND 

THE  HONORABLE  JOHN  0.  PASTORS 
UNITED  STATES  SENATOR 

THE  HONORABLE  CLAIBORNE  g£LL 
UNITED  STATES  SENATOR 

THE  HONORABLE  FERNAND  J.  ST.  GERMAIN 
UNITED  STATES  REPRESENTATIVE 
FIRST  CONGRESSIONAL  DISTRICT  . 

THE  HONORABLE  ROBERT  0.  TIER NAN 
UNITED  STATES  REPRESENTATIVE 
SECOND  CONGRESSIONAL  DISTRICT 


FROM: 


Robert  F. 

Burns,  Mayor 

City 

of 

Pawtucket 

Roland  E. 

Messier ,  Mayor 

City 

of 

Central  Falls 

Edward  J. 

Hayden ,  Town  Aon. 

T  own 

of 

Cunber la  nd 

Barry  J. 

Farrands ,  Tci.t.  Ac."  . 

Town 

of 

Lincoln 

Pc-.- ;t ucLn  t -Blacks tone-  Vs]  1 
Oifirb*  r  of  Cc-  :.C'7CC 
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he  follov/ing  parties  of  record: 


Appr  ox . 

Plant  Area 

Company 

Employment 

Sc.  Ft. 

Owens -Corning  Fiberglas  Corp. 

500 

325,000 

Ann  &  Hope  (Cumberland) 

600 

750,000 

Cadillac  Textiles  Incorporated 

280 

200,000 

Lonsdale  Pharmacy  Ir.c . 

Id¬ 

7,500 

Collins  3ros.  Machine  Co. 

as 

20,000  (that 

Roger  Williams  Grocery  Company 

130 

140,000 

U.  S.  Philips  Corp.  -  Cryogenic 

Div,  129 

39,000 

Central  Beverage  Corporation 

25 

15,000 

International  Packaging  Corp. 

350 

125,000 

Grace  Holmes,  Inc, 

300 

250,000 

Carol  Cable  Company 

500 

250,000 

Standard  Romper  Co.,  Inc.  (Cumb 

,  )  130 

120,000 

LaBrie  Shoe  Stores 

8 

7,500 

Daxlton  ''ood  Works  Corp, 

IS 

20,000 

Lonsdale  Twin  Drive-In  Theatre 

30 

20  acrcc 

Puritan  Aerosol  Corporation 

450 

210.  COO 

lizabeth  Webbing  Mills 

400 

300*000 

f^,l*sTLS£ajra-  ’fire  A  Cable  Co. 

2  00 

120,000 

And  others. 
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We,  the  ^signa_tories^  on  behalf  of  our  respective  conasm itie 
id  on  beh.alf  of  the  list  of  business  fires  attached  hereto,  re¬ 
spectfully  petition  the  State  of  Rhode  Island  and  government  of  the 
United  States  to  establish  a  specific  project  for  remedies  from 
flooding  on  the  lower  Blackstone  River. 

Schedule  A,  attached,  is  a  brief  description  of  the  floods 
of  the  past  40  years,  and  of  the  damages  that  occurred. 

This  concern  about  the  damage  from  flooding  has  been  in¬ 
tensified  by  the  recent  completion  of  a  42"  trunk  line  sewer  along 
the  Blackstone  River  to  the  Woonsocket  city  line.  The  probability 
of  the  destruction  of  this  sewer  line  in  a  repetition  of  the  1938 
•or  1955  floods  is  quite  real.  One  section  of  the  Providence  & 
Worcester  Railroad,  beside  which  the  sewer  line  is  laid,  was  con- 
pletely  washed  away  in  1955. 

1970,  con tact  was  made  with  the  U.  5.  Army  Corps  of 
Engineers  office  in  Waltham,  Massachusetts.  It  was  learned  that 
the  Blackstone  River  is  included  in  a  general  flood  study  of  the 
Nariagansett  Bay  drainage  areas,  but  a  reduction  in  appropriation 
from  $4-00,000  to  $70,000  was  made  by  the  Congress  with  respect  of 
the  Blackstone  River  phase  of  this  study.  As  a  result,  all  that 
can  be  ev.pacted  will  be  a  flood  plains  report,  with  no  study  cr 
recommendations  fer  protection  of  relief;  An  inquiry  of  the  Haw 
England  River  Easir.s  Ccmnissic-n  brought  a  response  that  the  Com¬ 
mission  was  aware  of  the  problems,  but  thut  the  primary  responsibil¬ 


ity  belongs  to  the  Corps  of  Engineers. 
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We,  the  signatories,  on  behalf  of  our  respective  communities, 
td  on  behalf  of  the  list  of  business  firms  attached  hereto,  re¬ 
spectfully  petition  the  State  of  Rhode  Island  and  government  of  the 
United  States  to  establish  a  specific  project  for  remedies  from 
flooding  on  the  lower  Blacks tone  River. 

Schedule  A,  attached,  is  a  brief  description  of  the  floods 
of  the  past  40  years,  and  of  the  damages  that  occurred. 

This  concern  about  the  damage  from  flooding  has  been  in¬ 
tensified  by  the  recent  completion  of  a  2 11  trunk  line  sewer  along 
the  Blackstone  River  to  the  Woonsocket  city  line.  The  probability 
of  the  destruction  of  this  sewer  line  in  a  repetition  of  the  1938 
•or  1955  floods  is  quite  real.  One  section  of  the  Providence  & 

Worcester  Railroad,  beside  which  the  sewer  line  is  laid,  was  com- 

« 

pletely  washed  av;ay  in  1955. 

1970,  contact  was  made?  with  the  U.  S.  Army  Corps  of 
Engineers  office  in  Waltham,  Massachusetts.  It  was  learned  that 
the  Blackstone  River  is  included  in  a  general  flood  study  of  the 
Narragansett  Bay  drainage  areas,  but  a  reduction  in  appropriation 
from  $£00,000  to  $70,000  was  made  by  the  Congress  with  respect  of 
the  Blackstone  Fdver  phase  of  this  study.  As  a  result,  all  that 
can  be  expected  will  be  a  flood  plains  report,  with  no  study  or 
recommendations  for  protection  of  relief;  An  inquiry  of  the  New 
England  River  Basins  Commission  brought  a  response  that  the  Com¬ 
mission  was  aware  of  the  problems,  but  that  the  primary  responsibil-( 
ity  belongs  to  the  Corps  of  Engineers. 
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In  addition  to  the  great  economic  losses  at  times  of 


.ooding,  other  serious  concerns  include  the  damage  and  pollution 
of  municipal  water  supply  wells  along  the  river;  the  damage  to 
the  Blackstone  Canal  (recently  daclarated  a  National  Historic  Site) 
which  is  valuable  historic  and  recreational  resource.. 


FLOOD  SITUATION 


Main  Flood  Season 

The  main  flood  season  for  the  Blackstone  River  may  be  ' 
expected  to  occur  during  any  season  of  the  year.  Early  spring 
rains  combined  with  melting  snow  resulting  in  the  floods  of 
March  1936  and  1968.  Heavy  rains  during  summer  and  fall  months 
caused  the  floods  of  November  1927,  July  1938,  September  1954, 
October  1955  and  the  record  flood  of  August  1955.  The  following 
paragraphs  briefly  describe  the  more  important  storms  which  have 
occurred  in  the  past. 


The  Greatest  Flood 

The  greatest  flood  on  the  Blackstone  River,  according  to 
available  records,  occurred  in  August,  1955.  The  flood  resulting 
from  the  ’’Hurricane  Diane"  storm  on  the  Blackstone  River  and  its 
principal  tributaries  was  approximately  twice  the  magnitude  of  any 
flood  of  record.  Several  days  prior  to  the  occurrence  of  the  flood 
’Hurricane  Connie”  deposited  nearly  five  inches  of  rainfall  on  the 
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>sin  Which  saturated  the  ground  and  filled  the  many  lakes  and 
-p|LH  ponds.  However,  the  runoff  associated  with  this  storm  failed 
to  cause  any  significant  rise  in  the  rivers. 

During  the  afternoorf  of  17  August  rainfall  accompanying 
"Hurricane  Diane”  began  and  increased  in  intensity  to  such  a  degree 
that  accumulations  in  excess  of'  five  inches  were  recorded  by  night¬ 
fall  of  the  18th.  Heavy  rainfall  continued  throughout  the  evening  of 
the  19th  until  the  storm  finally  moved  out  to  sea,  leaving  an  average 
of  twelve  inches  over  the  basin  with  total  accumulations  ranging  from 
eight  to  fifteen  inches. 

A  few  newspaper  excerpts  of  this  flood  are  as  follows... 

. , .Blackstone  River  reached  its  highest  flood  stage  in 
:  istory,  the  river  rose  3*s  inches  per  hour  (between  12:45  a.ia.  to 


1:45  a.n.^««. 


...In  Centra.1  Falls,  residents  betvjeen  the  Blackstone 
River  and  High  Streets  were  alerted  to  evacuate... 

...Lonsdale  Sports  Arena  was  filled  with  water... 

... North  of  John  Street  a  Drive-in  Theater  being 
built  was  filled  with  water... 

...All  buildings  on  the  river  side  of  Roosevelt  Avenue 
to  the  old  police  station  reported  flooding.-.. 

...Water  ran  over  the  retaining  wall  just  south  of  the 
Exchange  Street  bridge  and  flooded  the  Municipal  building  area.., 

...Slater  Mill  threatened .. .water  filled  the  basement  avid 


covered  the  first  floor 
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1. Other  Great  Floods 
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Other  great  floods  of  nearly  equal  magnitude  occurred  in 
March  1936,  July  1938,  and  most  recently  in  March  1968.  These 
floods  are  considered  the  second  highest  floods  on  the  5 lack stone 
River.  The  magnitude  of  the  March  1968  flood  was  actually  about 
10  per  cent  greater  than  the  1936  and  1938  floods,  however  the  flood 
discharges  were  reduced  to  about  the  1936  and  1938  flood  levels  by 
the  West  Hill  flood  control  dam. 

March  1936 


The  March  1936  flood  actually  occurred  as  two  peaks  of 

/ 

almost  equal  magnitude  six  days  apart.  The  first  peak,  slightly 
less  than  the  second,  was  the  result  of  a.  combination  of  rainfall 
.,hich  'varied  from  3  inches  in  the  lower  part  of  the  ba-sin  to  7  inches 
in  the  upper  part.  In  addition,  the  already  saturated  soil  reduced 
the  rate  of  infiltration  and,  therefore,  contributed  in  producing 
run  off  coefficients  as  high  as  90  percent. 

The  following  are  excerpts  fre-j.  nev/spapers  concerning  the 
March  1936  flood  in  the  study  area: 

... Homes  were  evacuated  in  Central  Falls  on  Courtland 
Street  and  Notre  Dame  Plat,. 

...Masurel  Worsted  Company,  Sanoset  Mills,  and  Nyarza 
Mills  closed. . .water  was  7  feet  deep  around  the  Masurel  plant... 

...John  Plush  Mills  had  5  feet  of  water  on  grounds... 

...In  Lincoln  and  Cumberland,  the  31ackstone  overflowed. 


its  banks . .  .Men.don  P.oad  frer.  Eroad  Street,  Cumberland  to  John  Street, 


7  - 


-incoln  was  closed  with  water  1  foot  deep  in  highway... 

...Between  Vfaipple  bridge  and  grade  crossing  of  NY, 

\ 

NH,  «  H  Railroad  in  Lonsdale  a  distance  of  500  years  of  State 
Highway  122  was  flooded... 

. . .Lowlands  south  of  Whipple  Bridge  and  John  Street 
was  completely  flooded.  Early  yesterday  morning  John  Street 
baseball  field  was  like  a  Mill  Pond... 

March  1968 

During  this  storm  a  total  of  4.96  inches  of  rainfall  was 
recorded  at  Hillsgrove  U.  S.  Weather  Bureau  station.  The  storm 
spanned  a  three  day  period  from  March  17  to  March  19.  Snow 
depths  -and  water  equivalents  in  New  England  were  nearly  normal. 

Most  of  the  water  thus  contained  was  released  due  to  the  rain  and 
accompanying  thawing  temperatures  during  the  storm.  Frozen  ground 
surfaces  during  most  of  the  storm  meant  very  little  water  was  able 
to  percolate  into  the  ground.  Most  of  the  rain  and  snowmelt ,  there¬ 
fore,  was  converted  into  runoff,  flooding  basements  along  the  way, 
causing  rapid  rises  on  small  ponds,  brooks,  and  streams  and  finally... 
more  slowly  but  quite  predictably .. .near  record  crests  on  the  Black- 
stone  River. 

Soma  newspaper  excerpts  are  as  follows: 

.  .  .The  Pawtucket  '..’ater  Department  faced  an  emergency 
as  water  from  the  Black stone  River  flooded  its  water  purification  ^ 


plant  in  Cumberland... 
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...The  S&yles  Finishing  Plant  Complex  off  vialkez  Street 
in  Lincoln  was  hard  hit ...  s 

...The  warehouse  of  Reger  Williams  Grocery  Co.  off 
Mountain  Street  in  Cumberland  was  surrounded  by  6  feet  of  \>/ater... 

...Several  small  industries  and  the  large  Lonsdale 
Bleachery  Complex  were  inundated  by  flood  waters . . . 

. . .Mendon  Road  in  Cumberland  from  the  Lincoln  town  line 
to  Broad  Street  was  closed  after  it  became  inundated... 

...Flood  conditions  forced  closing  of  the  westbound 
lanes  cf  the  George  Washington  Highway  from  the  Cumberland 
line  to  the  H  &  H  Screw  Co.  in  Lincoln .. .Also  closed  because  of 
.loading  was  the  Martin  Street  bridge  in  Cumberland... 

...In  Central  Falls,  cellars  were  flooded  in  15  hcr.es 
in  Notre  Dame  Plat  adjacent  to  the  Blackstone  niver... 

...In  Pawtucket,  The  Blackstone  P.iver  was  6.5  feet 
above  normal  and  there  was  extensive  damage  in  city  streets... 

Other  Floods 

Other  floods  of  lesser  magnitude  since  1900  occurred  in 
November  1927,  September  1938 ,  September  1934,  and  October  1955. 
Historical  records  indicate  that  floods  occurred  in  3818,  1676,  1877, 
18e6.  and  1887,  however,  information  on  these  events  are  meager  in 
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New  Threat  Added  s 

—  I- . —— ——  w  • 

One  of  the  most  needed  and  useful  environmental  controls 
in  the  Blackstone  Valley  was  completed  in  1970  with  the  construction 
of  z-r 42"  trunk  sewer  line  from  Lonsdale  to  Woonsocket.  Most  of 
this  pipeline  was  laid  along  the  river  banks  and  is  almost  entirely 
in  the  flood  zone.  The  V/aterman  Engineering  Co.  contractors  have 
taken  extraordinary  precautions  to  protect  this  line  both  from 
infiltration  and  breakage  but  if  a  flood  greater  than  the  1968  flood 
should  occur  damage  to  the  line  is  almost  certain. 

The  main  point  is  that  under  whatever  circumstance  the 
sewer  line  was  broken  a  42”  open  end  injected  with  flood  waters 
would  completely  flood  the  system  with  a  definite  possibility  of 
considerable  destruction  at  the  main  plant.  It  must  be  repeated 
that  the  contractors  and  engineers  have  done  a  most  admirable  job 
in  preparing  for  knevm  flood  hazards  in  construction  of  this 
facility,  but  it  is  by  no  means  a  blanket  guarantee  that  flood 
damage  cannot  occur  and  this  would  result  in  a  disaster  of  im¬ 
mense  proportions.  Virtually,  everything  north  of  East  Providence 
and  east  of  Snithfield  would  be  shut  down — homos,  businesses  and 


industries . 
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Si/.  .MARY  0?  FLOOD  SITLV.TIOM 

The  Towns  of  Cumberland  and  Lincoln  and  the  Cities  of 


Central  Falls  and  Pawtucket  which  comprise  the  study  area  are  lo¬ 
cated  in  northern  Rhode  Island.  This  covers  20.6  miles  of  the 
Blackstona  River  from  the  Woonsocket -Cumberland  town  line  downstream 
to  the  Old  Slater  Mill  Dam  in  Pawtucket,  Rhode  Island. 

Discharge  information  for  the  area  are  obtained  by  re¬ 
lating  to  the  I),  S.  Geological  Survey  stream  gaging  station  on 
the  Blackstone  P.iver  in  Woonsocket,  Rhode  Island,  which  has  been 
in  operation  since  1929.  Whenever  floods  are  expected  to  occur  in  the 
lower  Blackstone  P.iver  basin,  these  discharges  are  reduced  (modified) 
by  the  U.  S.  Army  Corps  of  Engineers  flood  control  dam  and  reservoir 

(West  Hill  Dan)  located  on  the  West  River  in  Uxbridge,  Massachusetts. 

.  % 

The  flood  control  project  which  was  built  subsequent  to  the  August 

t 

1955  flood  of  record  has  been  in  operation  since  1961. 

Most  of  the  residential  and  business  development  in  the 
study  area  are  on  high  ground  above  flood  dancer  from  the  Blackstone 
River.  However,  there  remains  residences  and  commercial  and  in¬ 
dustrial  developments  along  the  river  which  have  been  inundated 
by  floods  of  the  past  and  remain  susceptible  to  floods  in  the  future. 


The  most  recent  flood  in  the  Blackstone  River  basin  occurred 
in  March  1968.  This  storm  produced  near  record  crests  on  all  major 


I”  rivers  in  Southern  New  ' England . 
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October  19,  1971 


Ch  ief 

Office  of  Planning 

U.  S.  Army  Corps  of  Engineers  (N.E.) 
424  Trapelo  Road 
Waltham,  MA  02154 

Attention  of  Mr.  Bergen 


Dear  Mr.  Bergen: 

First  may  I  express  my  appreciation  to  you  and 
Mr.  Milette  for  your  kind  assistance  and  cooperation  at  our 
meeting  on  Thursday,  October  7th.  It  was  most  helpful  and 
informa  t ive . 


The  flood  plain  report  has  been  received  and 
brings  me  to  my  first  request.  Your  cover  letter  indicates 
that  additional  copies  of  the  flood  plain  report  are  avail¬ 
able.  We  have  some  56  active  committees  and  at  least  24  of 
these  are  directly  or  indirectly  involved  in  Blackstone  Val¬ 
ley  developments.  Without  attempting  to  cover  even  our  mem¬ 
bership,  I  could  easily  distribute  around  200  of  the  bro¬ 
chures  to  related  groups  concerned  with  water  resources,  de¬ 
velopment  of  land  use  plans,  contractors,  and  engineers. 

I  have  enclosed  for  your  information  a  copy  of  my 
report  which  I  gave  to  my  Board  of  Directors  today,  and  it 
was  well  received.  I  have  spoken  to  the  President  of  the 
Slater  Mill  Association,  and  I  believe  he  is  most  amenable 
to  the  iiim'i  firatinn  of  the  Slater  Dam.  What  I  am  seeking 
now  ar.-  .>  eaent  those  informal  discussions  with 

representative  groups  that  you  indicated  would  be  a  necessary 
step  in  bringing  about  some  positive  results. 


I  am  also  ready  to  send  the  questionnaire  out  to 
the  individual  companies  located  in  the  study  area,  and 


CopT  available  to  DTIC  does  not 
pannit  fully  legible  rep  .-Auction 
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be>t  available  copy. 
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October  19,  1971 


I  am  hoping  that  Mr.  Milette  might  devise  a  question  sheet  that 
would  contain  all  the  right  questions  for  the  survey. 

My  Board  would  like  to  take  action  simultaneously  on 
several  fronts  -  i.e.  doing  the  survey,  holding  the  informal 
meetings  and  perhaps  preparing  an  input  to  our  Congressional 
delegation  regarding  a  1973  budget  appropriation. 

1  would  be  grateful  for  your  comments  on  my  report 
to  the  Board.  I  tried  to  tell  it  like  it  was,  and  as  I  men¬ 
tioned,  it  was  received  most  favorably. 

Would  you  let  me  know  if  I  can  get  or  order  24  copies 
of  the  report  and  about  200  of  the  brochures? 

Thanks  again  for  your  help. 


Yours  truly, 


George  R.  Bennett 
Ma  nager 

Industrial  Development  Department 

GRB: md 
Enclosure 


March  10,  1972 


Colonel  Frank  P.  Bane 
Division  Engineer 
Armv  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Colonel  Bane: 

Our  most  informative  staff  conversations  with 
Mr.  Millette  and  Mr.  Bergen  relating  to  the  Blackstone  Ri 
Flood  Controls  have  now  reached  the  point  where  Congressn 
St.  Germain  together  with  the  Statewide  Planning  Board, 
the  Rhode  Island  Water  Resources  and  the  Soil  Conservation 
Service  have  requested  the  Chamber  of  Commerce  to  arrange  for 
a  presentation  by  the  Army  Corps  of  Engineers. 

This  presentation,  covering  the  whole  watershed  area 
affecting  the  Blackstone,  would  be  made  by  the  Army  Engineers 
to  the  Chief  Executives  of  the  communities  involved  i.e. 
Pawtucket,  Central  Falls,  Lincoln,  Cumberland,  Woonsocket, 

Burr i 1  Iville ,  Smithfield,  North  Smithfield,  and  North  Provi¬ 
dence  . 

The  Board  of  Directors  is  therefore  making  this 
formal  request  to  you  to  approve  and  authorize  Mr.  Millette 
and  Mr.  Bergen  to  make  such  a  presentation  to  the  above  group 
on  Friday  at  4  p.m.  at  the  TK  Club  in  the  City  of  Pawtucket. 
The  presentation  will  be  followed  by  a  dinner  where  all  will 
be  auests  of  this  Chamber. 


Flood  damages  created  by  this  last  weeks  rain  has 
resulted  in  some  headlines  regarding  flood  controls  and  while 
our  meeting  will  be  entirely  private  and  no  press  will  cover, 
the  matter  of  publicity  will  be  an  agenda  item. 

I  would  be  most  grateful  if  you  can  see  your  way 
clear  to  approve  this  request  and  our  letters  of  invitation 
will  be  held  up  pending  your  reply. 


’4*/;*rj;Cv"T  T.'  .  KS  TkJNt  "lift*  CHAMBER  OP  COMMERCE 

50  MAIN  STREET,  PAWTUCKET,  R.  I.  02860  TELEPHONE  401-722-3400 


Yours  truly 


Robert  N.  Stoecker 
Pres i dent 


RNS : md 


BLACKSTONE  VALLEY  COUNCIL  OF  GOVERNMENTS 

150  MAIN  STREET,  PAWTUCKET,  RHODE  ISLAND  02860  TELEPHONE  401  723-7772 


April  2,  1974 


Mr.  Leo  R.  Milette,  P.E. 

Project  Engineer,  Comprehensive  River 
Basin  Section 

Department  of  the  Army  Corps 
of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Dear  Mr.  Milette: 

Enclosed  is  a  copy  of  the  statement  of  the  Economic 
Development  Policy  of  the  Blackstone  Valley  Council  as  duly 
adopted  by  the  Council  of  Governments  on  March  27,  1974  at 
its  semi-annual  meeting. 

When  1  met  with  you  in  late  December,  you  said 
that  phase  one  of  the  flood  control  study  of  the  Blackstone 
River  was  nearing  completion  and  that  the  Council  of  Govern¬ 
ments  might  receive  a  presentation  of  the  same. 

What  is  the  status  of  the  study? 

If  a  presentation  to  local  leaders  would  be  ap¬ 
propriate,  please  contact  me. 


Very  truly  yours, 

jCr.  fi.  I  /*  -i 


KFP :af 
Enclosure 


Kenneth  F.  Payne 
Assistant  Director 


BLACKSTONE  VALLEY  COUNCIL  OF  GOVERNMENTS 

150  MAIN  STREET,  PAWTUCKET,  RHODE  ISLAND  02860  TELEPHONE  401  723-7772 


December  12,  1974 


Mr.  Lawrence  Bergen 
U.S.  Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Mr.  Bergen: 

At  its  November  21,  1974,  meeting,  the  Blackstone 
Valley  Council  of  Governments  adopted  a  resolution  of  support 
for  the  Army  Corps  of  Engineers  flood  management  plan  for 
the  Blacks  tone  River  Watershed  as  presented  on  November  1st 
at  the  Pawtucket -Blacks tone  Valley  Chamber  of  Commerce. 

The  Blackstone  Valley  Council  of  Governments  i s 
a  regional  organization  of  seven  Blackstone  Valley  munici¬ 
palities:  the  cities  of  Pawtucket,  Central  Falls,  and 

Woonsocket,  and  the  towns  of  Cumberland,  Lincoln,  Smithfield, 
and  North  Smithfield. 

This  resolution  of  support  by  the  Blackstone  Valley 
Council  of  Governments  is  an  indication  of  interest  in  and 
local  support  for  the  general  proposal  presented  by  the 
Corps . 


Please  keep  me  informed  of  any  further  develop¬ 
ments  in  the  Blackstone  River  Watershed  flood  control  study. 

Very  truly  yours, 


Kenneth  F.  Payne 
Executive  Director 

KFP;af 


STATE  OF  RHODE  ISLAND  AND  PROVIDENCE  PLANTATIONS 


HISTORICAL  PRESERVATION  COMMISSION 

Old  State  House 

150  Benefit  Street 

Providence,  R.  I.  02903 

(401)  277-2678 


February  2,  1977 


Mr.  Joseph  L.  Ignazio,  Chief 

Planning  Division 

Army  Corps  of  Engineers 

New  England  Division 

424  Trapelo  Road 

Waltham,  Mass.  02154 

RE:  NEDPL- R-Berkeley 
Industrial  Park, 
Cumberland ,  R . I . 

Dear  Mr.  Ignazio: 

We  have  reviewed  the  plans  and  specs  for  the  above 
project  as  provided  with  your  letter  of  4  January, 

1977. 

The  proposed  work  will  have  an  effect,  possibly 
adverse,  on  the  adjacent  Blackstone  Canal  Historic 
District,  which  is  listed  on  the  National  Register  of 
Historic  Places.  An  exact  determination  of  effect 
will  require  further  study  on  our  part,  as  well  as 
additional  information  from  the  Corps. 

The  small  maps  and  plans  sent  with  your  request  for 
a  determination  were  unfortunately  illegible.  We 
would  like  to  receive  clear,  large  scale  maps  and  plans 
which  show  the  following: 


1. 

Precise  location  and  extent  of  dikes, 
ing  walls  and  other  structures; 

retain 

2. 

Current  allignment  of  river  banks  vs. 
posed  allignment; 

pro- 

3. 

Typical  cross  sections  through  the  river, 
canal  and  portions  of  the  proposed  dikes 
and  walls ; 

4. 

Relation  of  the  canal  to  the  river  in 
project  area. 

the 

41  * 


Mr.  Joseph  L.  Ignazio 
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In  addition,  we  would  like  to  know  what  provisions 
are  being  made  for  preventing  deterioration  of  the 
western  bank  of  the  Blackstone  River  and  of  the 
Blackstone  Canal  due  to  increased  flow  and  water 
velocity  as  a  result  of  this  project. 


^fours  tmily. 


Frederick  C.  Williamson 

State  Historic  Preservation  Officer 


FCW/mm 

cc:  Jordan  Tannenbaum 
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STATE  OF  RHODE  ISLAND  AND  PROVIDENCE  PLANTATIONS 


HISTORICAL  PRESERVATION  COMMISSION 

Old  State  House 

150  Benefit  Street 

Providence,  R.  I.  02903 

(401)  277-2678 


5  April  1977 
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Mr.  Joseph  L.  Ignazio,  Chief 

Planning  Division 

Army  Corps  of  Engineers 

New  England  Division 

424  Trapelo  Road 

Waltham,  Mass.  02154 

Dear  Mr.  Ignazio: 


RE:  NEDPL-R:  Berkeley  Industrial 
Park,  Cumberland,  R.l. 


Thank  you  for  the  large  scale  plans  and  aerial  photos  of  the  Berkeley 
Industrial  Park  protection  project  provided  with  your  letter  of  17  February. 
They  were  a  great  help  to  our  staff. 


We  have  re-examined  the  project,  and  have  concluded  that  the  effect  of 
the  dike  and  other  improvements  upon  the  Blackstone  Canal  (entered  on  the 
National  Register  of  Historic  Places)  will  be  twofold:  visual  and  physical. 


1.  Visual  effect  :  The  eastern  river  bank  improvements  will  have  a 
visual  effect  on  the  Blackstone  Canal,  but  the  effect  will  be  non-adverse 
due  to  sightlines,  the  fact  that  the  towpath  provides  some  screening  be¬ 
tween  the  canal  and  the  eastern  river  bank,  and  the  fact  that  the  views 
from  the  canal  are  already  compromised  by  the  industrial  park  which  the 
project  is  designed  to  protect.  The  dike  and  wall  will  in  fact  help  screen 
the  industrial  park  from  view. 


2.  Physical  effect :  The  alteration  to  the  eastern  river  bank  will 
probably  have  a  physical  effect  on  the  canal,  but  the  effect  is  impossible 
to  evaluate  without  further  information  from  the  Army  Corps.  Although  we 
have  been  assured  verbally  by  your  office  that  the  increase  in  flow  and 
height  due  to  the  improvements  will  be  too  small  to  measure,  it  still  seems 
unreasonable  to  assume  that  containing  the  flood  on  one  side  of  the  channel 
will  have  no  effect  on  the  other.  I  would  appreciate  a  more  thorough  analy¬ 
sis  from  the  Corps  concerning  possible  scouring  action  or  other  long  term 
effects  caused  by  the  improvements  (during  both  normal  and  flood  times)  which 
may  lead  to  accelerated  deterioration  of  the  western  bank,  and  hence  the 
towpath. 


The  continued  integrity  of  the  Blackstone  Canal  is  of  great  importance 
to  us.  Long  neglected,  interest  in  the  canal  is  now  increasing  among  the 
communities  bordering  it,  and  among  various  state  and  federal  planning  agen¬ 
cies.  The  canal  will  be  the  subject  of  a  major  conference  in  May  (the  Corps 
is  being  invited  to  participate),  and  we  are  hoping  to  discuss  the  possibility 


Mr.  Joseph  L.  Ignazio 


Page  2 


b  April  1977 


of  a  linear  park  incorporating  the  canal.  The  National  Park  Service,  inter¬ 
ested  in  the  creation  of  urban  linear  parks,  visited  the  canal  last  fall  as 
a  candidate  for  national  park  designation. 

Please  let  us  know  if  you  have  any  questions  or  require  further  infor¬ 
mation. 


Yours  truly. 


>. .  <-Ly 


CCA 


Frederick  C.  Williamson 

State  Historic  Preservation  Officer 


FCW/ekh 


cc:  Mr.  Tannenbaum 
Mr.  Klyberg 
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July  12,  1977 


Colonel  John  P.  Chandler 

Division  Engineer 

Army  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Colonel  Chandler: 

I  am  enclosing  a  copy  of  a  memorandum  forwarded  to 
me  by  Mr.  George  R.  Bennett  of  the  Pawtucket-Blackstone  - 
Valley  Chamber  of  Commerce,  which  was  prepared  for  members 
of  that  office’s  Board  of  Directors  and  other  affected 
parties. 

You  will  note  that  Mr.  Bennett's  memorandum  concerns 
comments  following  review  of  the  preliminary  flood  control 
plan  prepared  by  the  Army  Corps  of  Engineers.  I  would 
welcome  your  comments  on  Mr.  Bennett's  paper  especially 
as  it  concerns  the  benefit  cost  ratio  computation. 

Mr.  Bennett  refers  to  very  adverse  effects  on  indus¬ 
tries,  as  many  as  forty,  should  a  sewer  line  burst  because 
of  flooding  conditions. 

I  welcome  your  comments  on  this  matter. 


<» 


•4  ' 


FJStG/isl 

Enc. 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
Division  of  Ecological  Services 
F.  0.  Box  1518 
Concord,  New  Hampshire  03301 


September  22,  1977 


Division  Engineer 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Sir: 

A  copy  of  our  Conservation  and  Development  Report  concerning  local 
flood  protection  along  the  Blackstone  River  at  Berkley,  Rhode  Island 
is  enclosed  for  your  information  and  files. 

Sincerely  yours, 

i  -4  '  *  '•*'* 

Gordon  E.  Beckett 
Supervisor 


Enclosure 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
Division  of  Ecological  Services 
P.  0.  Box  1518 
Concord,  New  Hampshire  03301 


BLACKSTONE  RIVER  AT  BERKLEY.  RHODE  ISLAND 

Conservation  and  Development  Report  of  the  U.S.  Fish  and  Wild¬ 
life  Service,  on  a  study  for  urban  flood  control,  floodplain 
management,  water  supply,  and  recreation  of  the  New  England 
Division,  U.S.  Army  Corps  of  Engineers. 


The  study  was  authorized  by  a  resolution  of  the  Senate  Committee  on  Public 
Works  adopted  29  May  1968,  under  Section  3  of  the  Rivers  and  Harbors  Act. 

This  report  is  prepared  under  authority  of  the  Fish  and  Wildlife  Coordi¬ 
nation  Act  (48  Stat.  401,  as  amended;  16  U.S.C.  661  et  seq.),  in  cooperation 
with  the  Rhode  Island  Division  of  Fisheries  and  Wildlife.  A  Preliminary 
Report  on  the  Narragansett  Bay  and  Pawcatuck  Drainage  Areas  was  issued  by 
this  Service  on  October  29,  1968. 

The  local  flood  protection  project  at  Berkley  provides  for  the  construction 
of  earth  dikes  and  concrete  floodwalls  along  the  left  bank  of  the  filackstone 
River  in  Cumberland,  Providence  County,  Rhode  Island.  The  project  would 
extend  from  river  station  280+00  (approximately  2  miles  above  Valley  Falls 
Pond)  to  river  station  320+00;  a  distance  of  about  4,000  feet.  The  plan  of 
protection  would  provide  for  construction  of  3,800  feet  of  earth  dikes, 

1,450  feet  of  concrete  floodwall,  a  pumping  station,  a  vehicular  ramp  over 
the  dike  at  Martin  Street,  a  vehicular  gate,  two  railroad  stoplog  structures, 
interior  drainage,  and  other  appurtenant  works.  The  project  would  provide 
protection  for  the  40-acre  industrial  park  located  on  the  east  bank  of  the 
Blackstone  River.  The  dikes  in  general  would  have  a  top  width  of  10  feet 
and  slopes  of  2.5  on  1  both  landside  and  riverside.  Slope  protection  will 
consist  of  15  inches  of  protection  stone  on  12  inches  of  gravel  bedding  cn 
the  riverside  and  6  inches  of  seeded  topsoil  on  the  landside.  The  dike 
will  be  16  feet  high  and  3,800  feet  long. 

The  floodwall  will  be  an  I-type  floodwall  with  sheet  piling  cut-off  for 
seepage  control.  The  height  of  the  wall  along  the  river's  edge  would  be 
approximately  16  feet.  The  1,450  feet  of  concrete  I-type  concrete  flood- 
wall  would  be  constructed  along  the  river  face  of  the  existing  42-lnch 
sanitary  sever  main  with  transition  changes  at  each  end  to  earth  dikes. 
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A  pumping  station,  for  discharge  of  interior  drainage,  seepage,  and  in¬ 
dustrial  wastewater  will  be  located  at  the  downstream  side  of  the  Martin 
Street  Bridge. 

The  area  of  the  proposed  dike  consists  of  industrially-zoned  land  located 
along  and  adjacent  to  the  Blackstone  River.  The  40-acre  tract  to  be  pro¬ 
tected  is  primarily  devoted  to  industrial  buildings,  roadways,  and  parking 
lots .  Those  areas  not  occupied  by  the  various  industries  and  commercial 
operations  consists  of  open  fields  having  a  cover  of  grass.  Riparian  vege¬ 
tation,  approximately  8  acres,  is  primarily  native  grasses  with  a  sparse 
fringe  of  oak,  sycamore,  and  birch  trees  with  blackberries  and  shrubs  inter¬ 
spersed.  An  area  at  the  rear  of  the  Health-Tex  building  is  occupied  by  a 
thick  cover  of  birch,  blackberries,  and  native  grasses. 

While  not  overly  significant  this  riparian  vegetation  does  provide  habitat 
for  wildlife  within  an  urban-industrial  setting.  Wildlife  species  such 
as  pheasant,  woodcock,  cottontail  rabbit,  woodchuck,  and  a  variety  of 
songbirds  may  be  found  within  the  project  area. 

The  Blackstone  River  currently  supports  a  warmwater  fish  population  which 
has  a  low  recreational  value  due  to  pollution.  Principal  fish  species  in 
the  project  vicinity  include  goldfish,  white  suckers,  and  common  sunflsh. 

With  pollution  reduction  and  restoration  of  freshwater  fisheries  potential, 
the  lower  Blackstone  could  support  a  warmwater  fishery  based  upon  large- 
mouth  bass,  chain  pickerel,  and  possibly  northern  pike.  With  extensive 
access  and  a  return  of  alewife  and  possibly  shad,  the  lower  river  fishery 
could  be  expanded  many  fold. 

The  project  is  not  expected  to  have  a  significant  impact  upon  fishery 
resources.  However,  construction  of  the  flood  protection  dike  and  I-walls 
will  destroy  approximately  8  acres  of  riparian  wildlife  habitat. 

In  summary,  the  project,  as  planned,  affords  no  outstanding  benefits  to 
fish  or  wildlife.  In  general,  due  to  the  urban  character  of  the  area 
and  the  low  fishery  values  because  of  pollution,  the  project  will  have 
no  severe  adverse  impact  upon  fish  and  wildlife  resources.  Commitments 
of  fish  and  wildlife  resources  are  limited  to  the  loss  of  streambank  vege¬ 
tation  and  associated  wildlife  displaced  by  the  dike  and  floodwall  structures. 

No  feasible  method  for  direct  prevention  of  the  anticipated  loss  of  rip¬ 
arian  habitat  appears  possible  without  altering  the  planned  design  and 
operation  of  the  project.  However,  possibilities  for  mitigation  of  some 
losses  are  evident.  Planting  the  landside  face  of  the  dike  with  vegeta¬ 
tive  species  valuable  to  wildlife  would  be  effective  in  mitigating  antici¬ 
pated  damages.  Ground  cover  plants  of  value  to  wildlife  of  the  area 
woulJ  be  white  clove  and  reed  canary  grass,  or  a  commercial  forage  mixture 
containing  red  clover,  alslke  clover,  timothy  and  red  top  known  to  seed 
outlets  as  "Forage  Mixture  1  and  2."  Desirable  shrubs  for  the  area  would 
be  autumn  olive  or  fragrant  sumac.  Assuming  public  access  is  assured. 
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this  measure  will  provide  an  area  for  bird  watchers,  wildlife  photographers, 
naturalists,  and  school  children  with  an  opportunity  to  observe  wildlife 
without  requiring  extensive  travel. 

In  the  future,  with  pollution  reduction,  the  quality  of  water  within  the 
Blackstone  River  will  be  Improved  to  meet  the  biological  requirements  of 
fish  native  to  the  Blackstone  Basin.  With  revival  of  this  fishing  oppor¬ 
tunity,  fishermen  from  Berkley,  Cumberland,  and  the  Blackstone  Basin,  as 
a  whole ,  will  be  in  need  of  streambank  access . 

There  is  opportunity,  in  connection  with  the  construction  of  the  dike  and 
floodwall  which  parallels  the  river,  to  contribute  to  development  and 
utilization  of  future  fishery  resources.  Provision  of  public  access  and 
use  of  the  project  rights-of-way,  and  modification  of  the  project  and 
improvement  to  include  a  canoe  and  cartop  boat  launching  facility  would 
insure  maximum  project  benefits. 

Average  annual  fisherman  use  would  be  approximately  3,800  fisherman  days 
with  an  average  annual  equivalent  value  of  $3,700. 

We  estimate  that  the  parking  space  required  for  those  actually  fishing 
at  peak  periods  will  require  1.0  acre  of  area  in  order  to  accommodate 
bank  and  boat  fishermen.  It  may  be  possible  through  use  agreements  to 
utilize  existing  parking  space  provided  by  industries  within  the  indus¬ 
trial  park. 

Benefits  from  the  proposed  fishermen  access  would  not  be  realized  until 
pollution  reduction  is  achieved  and  fisheries  management  programs  are 
implemented .  In  the  interim,  canoests  and  others  who  desire  to  float 
the  river  will  benefit  from  the  access  and  launching  facility. 

Therefore,  the  TJ.S.  Fish  and  Wildlife  Service  recommends  that: 

(1)  Public  access  and  use  of  project  rights-of-way  along 
the  Blackstone  River,  except  areas  reserved  for  reasons 
of  safety  of  the  public  or  project  operation,  be  provided. 

(2)  The  landside  face  of  the  dike  be  planted  with  vegetative 
species  valuable  to  wildlife. 

(3)  At  least  one  canoe  and  cartop  boat  launching  facility 
and  parking  area  be  provided. 

We  do  not  plan  to  make  additional  studies  of  this  project  nor  prepare 
any  additional  reports  unless  the  project  plan  involves  improvements  and 
methods  different  from  those  described  above. 


Date  signed:  September  22,  1977 


1-C'  J-r'  i  k 


Fred  Benson 
Project  Manager 


Gordon  E.  Beckett 
Supervisor 
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State  of  Rhode  Island  and  Providence  Plantations 

EXECUTIVE  CHAMBER.  PRCMDENCE 


J.  Joseph  Garrahy 

Governor 


November  17,  1978 


Colonel  John  P.  Chandler 
Department  of  the  Navy 
New  England  Division 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Colonel  Chandler: 

The  Governor  has  asked  me  to  thank  you  for  your 
kind  invitation  to  attend  the  water  resources 
meeting  on  December  7. 

I  regret  to  inform  you  that  the  Governor  will  be 
unable  to  join  you  on  that  date  due  to  a  previously 
scheduled  commitment. 

The  Governor  has  asked  Anne  Stubbs,  Policy  Assis¬ 
tant  to  represent  him. 

Warmest  personal  regards. 


Sincerely, 


William  G.  Dugan,  Jr. 
Executive  Assistant 
to  the  Governor 


J.  Joseph  Garrahy 

Governor 


State  of  Rhode  Island  and  Providence  Plantations 

EXECUTIVE  CHAMBER.  PROVIDENCE 


November  20,  1978 


Colonel  John  P.  Chandler 
Division  Engineer 
Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Colonel  Chandler: 

Thank  you  for  advising  me  of  the  feasibility  stage  public 
meeting  on  water  and  related  resources  for  the  Blackstone 
River  Watershed.  This  meeting  will  provide  both  federal  and 
state  officials  with  the  opportunity  to  learn  of  the  results 
of  the  Blackstone  River^  Watershed  and  to  obtain  the  views 
and  comments  of  the“"pu6“iic  on  the  Corps'  recommendation  for 
construction  of  a  local  protection  project  at  Berkley. 

I  regret  that  I  will  be  unable  to  attend  this  meeting  on 
December  7.  I  have  asked  Ted  Green  of  my  staff  to  attend  and 
report  on  the  Corps  of  Engineers'  presentation  and  on  the 
public  response  to  the  Corps'  proposal. 

Again,  I  thank  you  in  advance  for  providing  Rhode  Island's 
citizens  with  the  opportunity  to  review  and  comment  on  the 
Corps'  proposal  for  a  flood  management  program  along  the 
Blackstone  River. 


Sincerely, 


eph  Garrahy 
ERNOR 


«JfifWfRND  J-  ST  GERMAIN 

»rr  DMTmcr,  Rmooc  Iiland 

21M  RAVauNN  House  Onricc  Buiunni 
WASHINGTON,  D.C  20819 

200  John  K.  Fooanty  Bui  loins 
MOVIOCNCE,  R.I.  02903 
Tel.;  828-4323 


Congress!  of  tfje  fHntteb  States; 

Ho  uit  of  &epre8entatibe8 

MMltnston,  B.C.  20515 


coMMrmei: 

'banking,  finance  and 

I  URBAN  AFFAIRS 
Cmajnmam.  Subcommittee  on  Financial. 
Institutions  Supervision, 
Rkoulation  and  Insurance 

GOVERNMENT  OPERATIONS 
SMALL  BUSINESS 


November  20,  1978 


Colonel  John  P.  ChandLer 

Division  Engineer 

Corns  of  Engineers 

Department  of  the  Army 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Colonel  Chandler: 

This  is  to  acknowledge  receipt  of  your  communication 
dated  November  8,  1978,  advising  me  of  a  feasibility 
stage  public  meeting  regarding  the  water  and  related 
resources  study  for  the  Blackstone  River  Watershed  in 
Massachusetts  and  Rhode  Island  and  a  concurrent  public 
hearing  for  Section  404. 

Unfortunately,  I  shall  be  in  Washington  for  that 
entire  week  regarding  organization  of  the  new  Congress 
and,  therefore,  I  shall  be  unable  to  be  in  attendance  on 
December  7th,  1978. 

Again,  I  regret  not  being  able  to  be  present  for  this 
meeting. 


FJSCG/jg 


ss 


STATE  OF  RHODE  ISLAND  AND  PROVIDENCE  PLANTATIONS 


HISTORICAL  PRESERVATION  COMMISSION 

Old  State  House 

150  Benefit  Street 

Providence,  R.  I.  02903 

(401)  277-2678 

November  21, 
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Col.  John  P.  Chandler  RE :  Berkeley  Local  Protection 

Division  Engineer  Project 

Army  Corps  of  Engineers  Cumberland,  R.I. 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Dear  Col.  Chandler: 

This  office  has  reviewed  the  information  pamphlet 
prepared  for  the  feasibility  stage  public  hearing  scheduled 
for  7  December  1978.  We  recommend  that  the  Environmental 
Assessment  described  in  the  pamphlet  be  submitted  to  this 
office  as  soon  as  possible  for  review  and  comment. 

Tn  a  letter  to  Mr.  Joseph  Ignacio  dated  5  April  1977 
("copy  enclosed),  we  noted  that  the  proposed  project  would 
have  an  effect  on  the  adjacent  Blacks  tone  Canal,  a  property 
listed  on  the  National  Register  of  Historic  Places.  The 
letter  requested  specific  information  on  the  physical  effects 
of  the  protection  project  on  the  western  bank  of  the  river. 
According  to  the  summary  contained  in  the  pamphlet,  the 
effect  of  the  project  on  historic  resources  was  not  considered, 
and  this  would  appear  to  be  an  omission. 


Eric  HertTeli 
Deputy  State  Historic 
Preservation  Officer 


/dn 


Enclosure 


Committee  for  the  Advancement  of  Natural  Areas  in  Lincoln 


h  ,  ,  J.  TETREAULT 
KRESIOENT 

RAYMOND  N.  STORIN 

VICE  PRESIDENT 

RUTH  R.  TETt EXULT 
SECRETARY 

CHARLES  DOWNS 
TREASURER 

WALTER  C.  HAZARD 
VINCENT  DEXTER 
JERRY  I.  DONAHUE 
JAMES  FERGUSON 
RAYMOND  W.  HOUGHTON 
MAX  KERIN  ER 
JOHN  SLONINA 
EDWARD  SULLIVAN 


December  1,  1978 


John  P.  Chandler, 

Colonel,  Corps  of  Engineers 
Division  Engineer 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Res  Feasibility  of  a  Dike  on  the  Cumberland  side  of  the 
Blackstone  River,  opposite  the  Town  of  Lincoln 

Dear  Colonel  '"handler: 

Reference  is  made  to  your  announcement  dated  November  9,  1978 
relating  to  the  above  matter.  We  feel  that  to  build  on  the  flood  plain 
is  to  invite  disaster.  Those  who  have  built  in  these  areas  have 
found  this  to  be  true.  We  do  not  believe  prospective  homeowners 
or  industrialists  should  be  lulled  into  a  false  security  by  the 
building  of  dikes.  Witness  the  West  Virginia  flood  wherein  people 
relied  on  the  dikes  to  protect  them  only  to  find  millions  of  dollars 
of  property  damage  was  suffered  as  a  result  of  these  false  hopes. 

Your  report  states  that  these  flood  plains  could  continue 
to  develop  and  expand  thus  necessitating  the  need  for  flood  protection 
measures.  However,  TO  BUILD  ON  THE  FLOOD  PLAIN  IS  TO  INVITE  DISASTER! 

Eventually  we  must  implement  land  use  laws  which  will 
not  strip  the  land  of  its  vegetation  and  create  erosion  in  the 
flood  plain.  Let's  turn  these  areas  into  parks  or  leave  them 
in  their  natural  state  to  do  the  work  preordained  to  them.  Dams, 
levees  and  flood  walls  are  not  the  cure-all  against  flood  damage. 

We  need  strong  local  laws  to  prevent  encroachment  on  the  flood  plains 
of  our  streams  and  rivers.  We  should  not  seek  nor  can  we  ever  attain 
100  per  cent  flood  control. 


Colonel  John  P.  Chandler 


We  would  appreciate  receiving  a  copy  of  your  environ¬ 
mental  impact  statement  as  we  are  certain  that  disasterous  environ¬ 
mental  effects  will  result  in  areas  such  as  Lincoln,  Central  Falls 
and  Pawtucket  as  the  dike  will  serve  to  intensify  the  waterway 
currents  increasing  danger  of  destruction  downstream  during  a 
storm. 


Inasmuch  as  these  dikes  are  to  be  subsidized  by  the 
government  and  paid  for  by  all  members  of  our  society  rather 
than  the  handfull  of  industries  and  developers  who  would  benefit 
from  them,  we  feel  the  cost/benefit  ratio  would  not  be  favorable 
to  the  taxpayer . 

We  are  especially  concerned  about  the  towpath  of  the 
Blackstone  Canal.  During  flodid  time  if  a  dike  was  built  on  the 
Cumberland  side  of  the  river  the  water  would  be  forced  to  the 
Lincoln  side  and  undoubtedly  the  towpath  would  be  destroyed.  This 
area  has  been  designated  a  National  Historic  Site  and  any  federal 
funds  designated  for  use  on  the  dike  could  be  withheld  if  the 
canal  site  was  in  danger  of  being  destroyed. 

For  the  above  reasons  we  question  the  advisability  of 
creating  dikes  along  the  Blackstone  River. 

Sincerely, 

£  1  -  ^  --  i  ' 

Ruth  B.  Tetreault, 

President, 

C.A.N.A.L.,  Inc. 


cc:  Senator  John  F.  Chafee 

Senator  Claiborne  Pell 
Providence  Preservation  Society 
R.  I.  Historical  Society 


s. 


United  States  Department  of  Agriculture 

FOREST  SERVICE 

NORTH  CASTER  N  ARCA  STATE  AND  PRIVATE  FORESTRY 
370  RECO  ROAD  —  SROQMALL.  PA.  ISOOB 

(215)  596-1672 


1950 

December  4,  1978 


Mr.  John  P.  Chandler 
Colonel,  Corps  of  Engineers 
Division  Engineer 
Department  of  the  Army 
424  Trapelo  Road 
Waltham,  MA  02154 

Dear  Mr.  Chandler: 

Refer  to:  NEDPL-BC,  Feasibility  Study, 

Blackstone  River  Watershed,  RI  &  MA 

As  this  Study  declares,  "This  project  ....  may  encourage  industrial 
growth  in  the  area"  -  the  Blackstone  River  flood  plain.  Valuable 
natural  resources,  including  fuel,  wood  and  minerals,  will  be  devoted 
to  industrial  construction.  For  accurate  assessment  of  the  benefits  of 
the  project  in  relation  to  costs,  we  believe  that  the  Corps  should  give 
adequate  weight  in  the  calculations  to: 

1.  The  cost  of  subsidies  for  flood  insurance. 

2.  Damage  to  industrial  property  and  injury  to  workers, 
in  plants  built  after  the  project  is  completed, 
from  eventual  floods. 

Thank  you  for  the  opportunity  to  review  this  study. 

Sincerely, 

i 

i 

if, 

DALE  0.  VANDENBURG 
Staff  Director 

Environmental  Quality  Evaluation 


SUMMARY  OF  7  DECEMBER  1978  PUBLIC  MEETING 


On  7  December  1978  a  Public  Meeting  was  held  at  the  Ashton 
School  In  Cumberland,  Rhode  Island  on  the  Blackstone  River 
watershed.  Colonel  Scheider  was  the  hearing  officer.  Ihe  panel  at 
the  meeting  consisted  of  Colonel  Scheider,  George  Bennett  of  the 
Blackstone  Valley  Chamber  of  Commerce,  Frank  Stetkiewicz,  Town 
Administrator  of  Cumberland,  Rhode  Island,  Paul  A.  DiPietro  and  Larry 
Bergen  of  the  Basin  Management  Branch. 

George  Bennett  introduced  the  Corps  of  Fnginorrs  representatives 
and  reviewed  the  study  history.  Colonel  Scheider  added  remarks 
regarding  the  conduct  of  the  meeting  and  the  purpose  of  the  study  and 
Paul  DePietro  gave  a  technical  presentation  of  the  findings  of  the 
study.  Also  in  attendance  for  the  Corps  of  Engineers  were: 

Arthur  Doyle  Del  Kidd  Walter  Mackie  Lee  Buress 

Mr.  Reed  and  Mr.  Khanna  of  C.  E.  Maguire  were  also  in 
attendance. 

The  following  is  a  quick  summary  of  the  nine  presentations  made 
at  the  meeting: 

Dan  Varin  of  Rhode  Island  Statewide  Planning  made  a  presentation 
for  the  Governor  of  Rhode  Island  supporting  the  project.  He  noted, 
however,  that  the  State  prefers  nonstructural  measures  but  that 
Berkeley  is  an  exception. 

Charles  E.  Redman  from  the  Lincoln  Town  Council  was  opposed  to 
the  project  because  it  would  affect  the  Lincoln  water  supply  wells, 
it  would  raise  stages  downstream  in  the  Lonsdale  area,  it  didn't 
protect  any  residents  and  the  railroad  didn't  provide  any  passenger 
service.  He  also  referred  to  washouts  alonj;  the  canal  in  the  past 
and  the  fact  that  the  project  would  make  this  condition  worse. 

Morris  Trudeau,  Town  Engineer  for  Lincoln,  stated  he  had  no 
formal  protest  but  did  have  three  specific  questions.  The  first  was 
a  concern  for  the  protection  for  the  canal  banks.  The  second  was  the 
effect  of  the  project  on  established  flood  insurance  regulation 
elevations  and  the  third  was  whether  the  operation  of  the  sanitary 
sewer  sluice  gates  would  normally  be  dumping  sewage  flows  into  the 
river. 


Clarence  Gaudette,  Executive  Director  of  the  Blackstone  River 
Watershed  Association  had  a  series  of  about  20  slides.  The  slides 
dealt  with  all  of  the  dumps,  fills,  and  encroachments  up  and  down  the 
river  from  Woonsocket  to  the  mouth.  He  was  opposed  to  the  project 
because  it  would  unnecessarily  constrict  the  channel  and  cause 
problems  downstream  and  on  the  Lincoln  side. 
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A.  Russell  Webster,  consulting  engineer  for  the  J.  H.  Lynch  and 
Sons  Corporation  who  are  Industrial  developers  with  several  plants 
along  the  river  was  next.  As  a  representative  of  the  developers  he 
was  concerned  with  downstream  flood  conditions  which  would  be 
worsened  by  the  project  and  as  they  would  relate  to  flood  insurance 
requirements  of  the  plants. 

Philip  Neeland  from  Northbridge,  Massachusetts  was  there 
representing  their  Conservation  Commission.  He  felt  that  there 
should  be  further  study  along  the  upper  river  in  Massachusetts.  He 
wondered  if  the  use  of  the  Blackstone  Canal  in  the  Northbridge  area, 
which  is  currently  blocked  off,  could  be  used  for  flood  control 
storage.  He  also  asked  how  the  Corps  could  prod  towns  into  enforcing 
flood  insurance  regulations  and  what  we  could  do  about  filling  to 
prevent  further  encroachment. 

Leo  Raymond  represented  Juice  Service,  Inc.  and  Maplehurst 
Farms.  The  firms  that  he  represented  were  in  Lincoln  about  50  feet 
from  the  Blackstone  down  in  the  Lonsdale  area.  He  and  five  speakers 
before  him  were  opposed  to  the  project. 

The  last  presentation  was  made  by  Colonel  Scheider  at  the 
request  of  Chairperson  Margaret  Pederson  of  the  Cumberland 
Conservation  Commission.  Colonel  Scheider  read  the  letter  which  we 
had  recently  received  from  the  Committee  for  the  Advancement  of 
Natural  Areas  in  Lincoln  (CANAL),  which  opposed  the  project. 

At  the  close  of  the  meeting  there  was  a  short  question  and 
answer  session  in  which  the  Corps  panel  responded  to  questions  that 
had  been  raised  by  the  speakers.  Many  of  the  questions  dealt  with 
the  effect  of  the  project  on  raising  water  levels  and  increasing 
velocities,  but  most  of  this  concern  had  been  lessened  by  Colonel 
Scheider's  statement  at  the  beginning  of  the  meeting  that  we  in  the 
Corps  were  also  concerned  with  the  potential  for  increased  stages  and 
velocities  and  we  were  studying  this  in  detail  now  and  throughout  the 
design  stage.  There  was  concern  by  Mr.  Trudeau  that  there  might  be 
unwarranted  discharges  of  sewage  waste  into  the  river  during  flood 
periods.  We  explained  to  him  after  the  meeting  that  the  gates  would 
only  be  closed  on  either  side  of  the  levee  in  the  event  of  a  break  on 
the  sewerline,  but  that  normally  the  sewer  would  continue  to  flow. 

We  owe  Mr.  Trudeau  a  letter  responding  to  that  and  to  his  other  two 
comments. 

The  project  is  supported  by  the  town  of  Cumberland  and  by  the 
Governor's  office.  On  the  Lincoln  side  of  the  river  there  is  either 
no  interest  in  the  project,  because  no  one  on  the  Lincoln  side 
benefits  or  there  is  strong  opposition,  because  of  a  concern  that  the 
project  might  have  an  adverse  effect  on  the  Lincoln  side.  One  other 
consideration  that  we  will  have  to  deal  with  is  the  possibility  that 
because  of  opposition  to  the  project,  that  more  than  an  environmental 
assessment  will  be  necessary. 
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STATE  OF  RHODE  ISLAND  AND  PROVIDENCE  PLANTATIONS 


Department  of  Administration 
STATEWIDE  PLANNING  PROGRAM 
265  Melrose  Street 
Providence,  Rhode  Island  02907 


December  7,  1978 


Col.  John  P.  Chandler 

Division  Engineer,  New  England  Division 
U.  S.  Army  Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Mass.  02154 

Dear  Col.  Chandler: 

I  have  been  asked  to  comment,  for  Governor  Garrahy,  on  the  flood 
protection  measures  for  the  Blackstone  River  watershed  that  are  cur¬ 
rently  under  consideration.  These  comments  are  submitted  in  response 
to  your  "Announcement  of  a  Feasibility  Stage  Public  Meeting"  dated 
November  9,  1978  (NEDPL-BC) . 

As  a  general  policy,  non-structural  measures  should  be  used  to 
prevent  development  of  areas  subject  to  flooding  and  the  resulting 
hazards  to  persons  and  property.  The  area  that  would  be  protected 
by  the  proposed  Berkeley  Local  Protection  Project,  however,  represents 
a  valid  exception  to  this  general  policy.  This  area  has  been  developed 
by  several  industrial  facilities  which  make  a  substantial  contribution 
to  the  state's  economy.  We  therefore  support  the  use  of  a  combination 
of  structural  and  non-structural  measures  as  proposed  in  the  announce¬ 
ment  of  November  9,  in  this  situation. 

If  this  proposal  is  to  achieve  its  objectives,  the  communities 
concerned  must  enact  regulations  for  areas  subject  to  flooding  that 
go  beyond  the  minimum  requirements  of  the  National  Flood  Insurance  Pro¬ 
gram.  This  is  called  for  in  the  proposal  by  non-structural  measure 
number  3,  but  should  be  given  even  greater  emphasis.  The  flood  plain 
regulations  adopted  by  the  communities  along  the  Blackstone  River  gen¬ 
erally  deal  only  with  flood  proofing  of  structures.  They  do  not  ad¬ 
dress  questions  of  appropriate  use  of  areas  subject  to  flooding.  Rhode 
Island's  zoning  enabling  act  authorizes  communities  to  regulate  the  use 
of  such  areas  and  to  prohibit  inappropriate  uses.  The  communities  con¬ 
cerned,  however,  must  adopt  regulations  under  this  authorization. 

The  effect  of  the  project  on  the  Martin  Street  Bridge  should  be 
clarified.  This  bridge  provides  the  only  crossing  of  the  Blackstone 
River  between  Lonsdale  and  Albion  for  local  traffic.  It  is  essential 
to  serve  the  residential  areas  and  industries  that  have  located  on 
both  sides  of  the  river. 
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Both  state  and  local  plans  call  for  the  provision  of  a  linear  con¬ 
servation  and  recreation  area  along  the  Blackstone  River  and  canal. 
Provision  for  continuity  of  pedestrian  movement  along  the  river  and 
canal  should  be  incorporated  into  the  project. 

This  project  clearly  demonstrates  the  need  for  adequate  planning 
for  and  regulation  of  areas  subject  to  flooding.  The  location  of  sev¬ 
eral  major  industrial  facilities  in  an  area  clearly  not  suitable  for 
such  development  has  led  to  the  need  for  a  project  now  estimated  to 
cost  almost  $4.5  million.  Since  the  area  to  be  protected  is  about  40 
acres,  this  means  that  the  cost  of  protection  will  average  about  $111,200 
per  acre.  This  is  far  too  high  a  price  to  pay  for  industrial  land. 
Therefore,  although  we  support  the  proposed  Berkeley  Local  Protection 
Project,  this  support  should  not  be  construed  as  encouraging  future  de¬ 
velopment  of  other  areas  that  are  subject  to  comparable  flood  hazards. 


Yours  very  truly. 


Daniel  W.  Varin 
Chief 


DWV/rc 

cc:  Ms.  Anne  Stubbs 
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CONSERVATION  COMMISSION 

December  8,  1973 


Department  of  the  Army 

New  England  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

re:  Berkeley  Local  Flood  Protection  Project,  Cumberland,  R.I. 
Dear  Sirs : 

I  recently  attended  the  public  hearing  held  on  December 
7,  1973  at  the  Ashton  School,  Cumberland,  R.I.  concerning  the 
proposed  flood  control  project  In  Berkeley,  R.I.  Although  I 
made  a  few  vocal  comments  at  that  time  I  am  also  submitting 
this  letter  to  fully  describe  our  objections  to  this  project. 

It  is  the  opinion  of  the  Lincoln  Conservation  Commission 
that  the  Berkeley  Looal  Protection  Project  is  not  feasible 
from  an  environmental  or  economic  viewpoint.  We  view  the  pro¬ 
ject  to  be  a  distinct  threat  to  the  Integrity  of  the  Blaokstone 
River  floodplain  system  and  adjacent  areas,  especially  on  the 
Lincoln  side  of  the  river. 

One  disadvantage,  at  this  time,  is  fully  understanding 
all  the  possible  ramifications  of  the  project  without  avail¬ 
able  data  in  the  form  of  an  Bivlronmental  Impact  Study.  It 
was  stated  at  the  hearing  that  an  Impact  Study  is  not  planned 
at  this  time  beoause  significant  impact  to  the  environment  is 
not  foreseen.  However,  also  stated  in  the  National  Environ¬ 
mental  Policy  Act  of  1969  is  the  following: 

"Prior  to  making  any  detailed  statement,  the  responsible 
Federal  official  shall  consult  with  and  obtain  the 
comments  of  any  Federal  agency  which  has  Jurisdiction 
by  law  or  special  expertise  with  respect  to  any  envi¬ 
ronmental  impact  involved." 

If  not  already  done,  we  request  that  your  division  con¬ 
sult  with  the  Bavlronmental  Protection  Agency  and  the  Depart¬ 
ment  of  the  Interior  as  to  the  necessity  of  filing  an  Environ¬ 
mental  Impaot  Statement.  We  do  not  believe  the  decision  to 
file  should  be  left  to  the  discretion  of  the  Army  Corps  of 
Engineers.  In  a  related  area,  the  Wetlands  Division  of  the 
Rhode  Island  Department  of  Environmental  Management  should 
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also  be  consulted,  as  to  the  applicability  of  this  project 
under  the  Hhode  Island  Wetlands  Act. 

We  appreciate  that  you  are  preparing  an  Environmental  As pass- 
ment  of  this  project  and  we  request  that  a  copy  of  this  report 
be  forwarded  to  the  Lincoln  Conservation  Commission  upon  com¬ 
pletion.  Regarding  this  assessment,  we  also  request  that  the 
following  information  be  addressed: 

I.  Cost-Benefit  Analysis  I 

It  is  understood  that  the  coat/benefit  ratio  for  this 
project  is  1.5/1.  We  would  be  interested  in  learning  how 
this  figure  was  attained,  with  the  following  considerations: 

A.  It  is  our  opinion  that  only  three  facilities  would 
directly  benefit  by  this  project.  Peterson-Puritan  Inc.  and 
Gracious  Living  would  not  benefit  and  should  not  be  included 
in  the  analysis. 

B.  The  railroad  in  this  area  would  be  protected  by  the 
project,  however,  flood  waters  would  damage  or  prohibit  use 
of  the  line  in  other  areas,  for  example  in  the  vicinity  of 
Mendon  Road,  before  any  effect  in  the  Berkeley  area  would  be 
realized.  Therefore,  any  economic  benefit  to  the  railroad 
should  not  be  included. 

C.  The  local  recreation  area  known  as  Berkeley  Oal 
Park  would  not  be  permanently  damaged  by  flooding  and  any 
benefit  to  the  park  should  not  be  Included. 

D.  It  is  probable  that  the  $4.4  million  coat  of  the 
project  will  increase  over  the  time  period  before  construction 
begins.  How  will  this  increase  affect  the  coat/benefit  ratio? 

II.  Environmental  Considerations t 

The  following  potential  Impacts  should  be  addressed  in 
the  Assessment: 

A.  How  will  the  loss  of  40  acres  of  natural  floodplain 
affeot  flood  levels  above  and  below  the  project  area?  Poten¬ 
tial  impact  of  higher  flood  levels  downstream  must  be  assessed 
with  regard  to  the  J.M,  Mills  landfill  which  has  previously 
altered  the  floodplain.  Removal  of  additional  floodplain  in 
the  Berkeley  section  will  further  Btrain  the  natural  flood 
protection  already  significantly  affected  by  the  landfill. 

B.  How  will  the  increased  velocity  of  flood  waters 
affeot  adjacent  areas? 

C.  How  will  the  diversion  of  water  away  from  the  Cumber¬ 
land  side,  coupled  with  Increased  velocity,  affeot  the  Lincoln 
aide?  Of  concern  is  the  Integrity  of  the  Blaokstone  Canal 
and  towpath  -  a  national  historic  site,  and  potential  recrea¬ 
tional  area  for  the  Town  of  Lincoln. 
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D.  What  will  be  the  impact  on  fish  and  wildlife  habitat 
in  the  area? 

S.  What  will  be  the  impact  during  construction  regarding 
water,  air  and  noise  pollution? 

F.  What  will  be  the  impact  on  aesthetics,  also  with  re¬ 
gards  to  the  potential  recreational  use  of  the  Blackatone 
Canal? 


III.  Alternatives : 

A  requirement  of  Environmental  Impact  Statements  is  that 
all  possible  alternatives  to  a  project  be  fully  analyzed.  In 
your  assessment  alternatives  should  be  reviewed,  including 
relocation  and/or  flood-proofing  of  facilities  involved. 

We  understand  that  some  of  these  considerations  have 
already  been  examined  in  your  environmental  assessment.  How¬ 
ever,  please  realize  that  we  are  extremely  concerned  about 
all  of  the  potential  Impacts  from  this  project  to  the  Town 
of  Lincoln  and  the  Blackatone  River  Watershed.  All  of  the 
above  matters  should  be  fully  considered  in  order  that  we 
might  adequately  analyze  the  project. 

Upon  reoeipt  of  the  Environmental  Assessment  we  shall 
agAin  submit  a  letter  regarding  any  further  concerns. 

Thaukin*  you  in  advance  for  your  considerate. on,  I  remain 


Sincerely, 

/f  c JO .  c 

Richard  W.  Baser,  Chairman 
Lincoln  Conservation  Commission 


Two  conies  enclosed. 

Copies  to:  Lincoln  Town  Council 


(Eumbcrlanb,  fifyob*  Ilalattb 


Office  Of  The  Tcwn  Administrator 

TOWN  HALL 

CUMBERLAND,  R.  I.  02864 

FRANCIS  R  STETKICWICZ 

December  15,  1978 


Colonel  John  P.  Chandler 

Division  Engineer 

Co  tipi  o  |J  Engineers 

Department  of  the  Army 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

My  Dear  Colonel.  Chandler: 

The  Tom  o  (J  Cumberland  has  agreed  with  the  Department  of  the 
Army  to  participate  in  a  flood  protection  system  along  the  Blacks  tone 
River,  in  the  Berkeley  section  of  the  Tom.  This  project  has  been 
termed  "economically  justified"  by  the  Mew  England  Division  oft  the 
United  States  Corps  of  Engineers. 

The  protective  system  will  consist  of,  earth  dikes,  steel  sheet 
piling,  concrete  walls,  two  railroad  gates,  one  vehicular  gate,  ramp 
at  Martin  Street  and  other  appurtenances. 

The  preliminary  plans  for  this  project  were  prepared  by  the 
Corps  of  Engineers  and  approved  by  Edvard  J.  Hayden,  former  Tom 
Administrator. 

The  project  will  afford  protection  to  the  height  of  standard 
project  flood  for  the  P  &  to  Railroad,  the  Tom  of  Cumberland  pumping 
station  and  well  off  Martin  Street,  Health-tex,  Okonite  Company,  Roger 
Williams  foods,  Owens -Coming  Tiberglas,  and  three  other  industrial 
plants. 


On  behalf  of  the  Tom,  I  hereby  wish  to  express  the  Tom's 
ability  and  willingness  to  contribute  to  the  project  costs,  subject 
to  Town  Council  approval,  appropriate  funding  at  the  Annual  financial 
Tom  Meeting,  and  to  provide  the  required  assurances  of  local  coopera¬ 
tion  and  participation  prior  to  actual  construction  as  outlined  below: 

A.  Provide  without  cost  to  the  United  States,  all 
lands,  easements ,  and  rights-of-way  necessary 
for  the  construction  and  maintenance  of  the 
project,  currently  estimated  at  $192,000.00. 

B.  Hold  and  save  the  United  States  free  from  damages 
due  to  construction  works  except  damages  due  to 
the  fault  or  negligence  of  the  United  States  or 
its  contractors. 
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C.  Maintain  and  operate  alt  work*  after  completion 
in  accordance  with  regulation*  prescribed  by 
the  Secretary  of  the  Army,  currently  estimated 
at  $24,200.00  annually.  (See  enclosed  Table  F-2). 

V.  Prescribed  and  enforce  regulation*  to  prevent 
encroachment  on  both  the  improved  and  unimproved 
channels,  and  manage  all  project  related  functions. 

E.  Comply  with  the  provision*  under  Section  210  and 
305  o f  Public  Law  91-646,  91*t  Congre **,  approved 
January  2,  1971,  entitled  "Uniform  Relocation  A&sist- 
ance  and  Real  Property  Acquisition  Policies  Act  of, 
1970." 


Sincerely  youM, 


FRS  ••  hm 


r 


0 


Incorporated  1893 

ffltijj  ai  Central  Jfalls 

RHODE  ISLAND  02863 

ADMINISTRATIVE  OFFICES 
CITY  HALL 


December  21,  1978 


Department  of  the  Army 

N.E.  Division,  Corps  of  Engineers 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Attn:  John  P.  Chandler  Subject:  Proposed  Berkeley  Local 

Colonel,  Corps  of  Engineers  Protection  Project 

Division  Engineer 


Dear  Sir: 

In  response  to  the  proposed  Berkeley  Local  Protection  Project 
the  following  questions  are  raised  in  regards  to  the  possible  adverse 
affect  upon  the  City  of  Central  Falls. 

The  Flood  Plain  Information  Study,  completed  in  1971  by  the 
Corps  of  Engineers,  covers  the  towns  of  Cumberland  and  Lincoln,  and 
the  cities  of  Pawtucket  and  Central  Falls  which  comprise  the  lower 
portion  of  the  Blackstone  River  Basin.  According  to  this  study 
most  of  the  flood  plain  area  is  located  between  the  George  Washington 
Highway  Bridge  in  Cumberland ,  and  the  Broad  Street  Bridge  in  Central 
Falls. 

The  larger  flood  plains  within  this  section  are  the  new  pond 
area,  which  has  lost  its  effectiveness  with  the  application  of 
extensive  fill  and  the  conduct  of  a  sanitary  land  fill  operation. 
Thus,  the  Valley  Falls  Pond  area,  adjacent  to  Central  Falls,  is  the 
only  large  effective  flood  plain  which  can  retard  and  store  flood 
waters. 

I  would  quote  the  following  paragraph  from  the  1971  Flood  Plain 
Information  Study.  "Appropriate  consideration  should  be  given  to 
the  possible  future  occurrence  of  historic  floods,  the  intermediate 
regional  flood,  and  the  standard  project  flood  in  problems  concerned 
with  the  control  of  developments  in  the  flood  plains  of  the  lower 
Blackstone  River,  and  in  reaching  decisions  as  to  the  size  of  floods 
to  consider  for  this  purpose." 


-2- 


Various  portions  of  the  lower  Blackstone  River  are  affected 
by  the  intermediate  regional  flood  among  which  are  portions  of 
Central  Palls  and  the  Berkeley  area  of  Cumberland.  In  effect 
the  intermediate  regional  flood  areas  retard  and  store  flood 
waters  reducing  the  danger  of  the  standard  project  flood. 

The  proposed  introduction  of  approximately  one  mile  of  dikes 
along  the  East  bank  of  the  Blackstone  River  would  eliminate  many 
acres  of  flood  storage  areas  and  create  a  hydraulic  constriction 
two  miles  upstream  of  the  City  of  Central  Falls.  It  is  apparent 
that  a  flood  crest  will  move  much  faster  to  Central  Falls  with 
considerable  less  time  for  flood  emergency  preparation. 

The  area  in  the  vicinity  of  Central  Falls  is  being  assigned 
a  progressively  greater  part  in  the  retainage  and  storage  of  flood 
waters.  Therefore,  would  it  not  be  feasible  to  develop  the  Valley 
Falls  Pond  area  into  a  flood  control  Reservoir?  Would  this  not  be 
required  in  order  to  compensate  for  the  loss  of  the  large  flood 
plain  at  new  pond,  the  various  encroachments  along  the  banks  of 
the  river  and  the  possible  additional  loss  of  intermediate  flood 
storage  in  the  Berkeley  area. 


Respectfully, 

Walter  Karpowich,  P.E. 
Central  Falls  City  Engineer 


WK:gb 

CC:  Mayor  Bessette 

Francis  Stetkiewicz, 

Town  Administrator,  Cumberland 


TOWN  COUNCIL 


Sonin  of  Hinroin 

ICC  OLD  RIVER  ROAD 
LINCOLN.  RHODE  ISLAND  02B65 


CLIFFORD  HOWARTH 
COUNCIL  PRESIDENT 
IS  COLONIAL  DRIVE 
LINCOLN,  R.  I. 


COUNCILMEN 

CHARLES  E  REDMAN  SAYLESVILLE 
EDDY  DEL  GRANDE  LIME  ROCK 
JOHN  R  BIGONETTE  ALBION 
WILLIAM  CARON  MANVILLE 


DAVID  WILKIE  TOWN  CLERK 

December  21,197b 


Department  of  Army 

424  Trapelo  Road 

Waltham, Massachusetts  02154 

Gentlemen: 

Please  be  advised  that  at  a  Meeting  of  the  Town  Council  of  the 
Town  of  Lincoln, Rhode  island,  held  on  December  19,1978,  it  was  voted 
to  communicate  with  you  to  request  that  a  Meeting  to  include  the 
Town  Councils  of  the  Town  of  Lincoln  and  the  Town  of  Cumberland  and 
your  body  be  held  for  the  purpose  of  discussing  the  proposed  Difce 
to  be  built  on  the  banks  of  the  Blackstone  River  in  the  Town  of 
Cumberland, R. I . 

The  membe  s  of  the  Town  Council  feel  that  they  have  many  ques¬ 
tions  regarding  this  subject  and  feel  this  will  qive  them  an  opDor- 
tuni'^y  to  have  them  answered. 

Hoping  you  give  this  request  your  utmost  attention,  I  remain; 


Very /truly  yaurat 

'  <.t<  L- -l 

Derfyld  Vilkie 


Town  Clerk 

100  Old  River  Road 

Lincoln, R.l.  02865 
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TOWN  COUNCIL 


QIanm  of  ftinroln 

ICO  OLD  RIVER  ROAD 
LINCOLN.  RHODE  ISLAND  C2B65 


CLIFFORD  HOWARTH 
COUNCIL  PRESIDENT 
15  COLONIAL  ORIVE 
LINCOLN,  R.  I. 


COUNCILMEN 

CHARLES  E  REDMAN  SAYLESVILLE 
ED Of  DEL  GRANDE  LIME  ROCK 
JOHN  R  WGONETTE  ALBION 
WILLIAM  CARON  MANVILLE 


DAVID  WILKIE  TOWN  CLERK 


January  19,1979 


Department  of  the  Army 

424  Trapel  Road 

Waltham, Massachusetts  02154 

Gentlemen: 

On  December  21,1978,  I  wrote  to  your  Office  requesting  a  Meeting 
to  include  the  Town  Councils  of  the  Town  of  Lincoln  and  the  'T'own  of 
Cumberland  and  the  Army  Corp  of  Engineers  for  the  purpose  of  dis¬ 
cussing  the  prooosed  Dike  to  be  built  on  the  banks  of  the  Luckstone 
River  in  the  Town  of  Cumbe  c land, Rhode  •‘•sland. 

As  of  this  dete  I  have  not  received  an  answer,  therCor  at  a 
Council  Meeting  of  the  Town  Council  of  the  Town  of  Lincoln,  held  on 
January  16,1979,  I  was  instructed  to  communicate  with  your  Office  to 
renew  our  request  for  this  Mee^inq. 

Awaiting  a  reply,  I  remain; 


very  yruly  yours; 

s'fj 

David  Wil  cie 
Town  Clerk 
100  Old  River  Road 
Lincoln, R. I.  02865 
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DAVID  Wilkie  town  clerk 


February  22,  1979 


Department  of  the  Army 

424  Trapelo  Road 

Waltham,  Massachusetts  02154 

Attention  Joseph  L.  Ignazio,  Chief  Planner 
Gentlemen : 

Thank  you  for  your  letter  dated  February  7,  1979 
advising  the  Town  Council  of  the  Town  of  Lincoln  that  you 
will  meet  with  the  Towns  of  Lincoln  and  Cumberland  as  soon 
as  you  have  definite  answers  regarding  the  impact  of  the 
proposed  Berkely  Local  Protection  Project  on  the  Blackstone 
River  in  the  Towns  of  Lincoln  and  Cumberland. 

The  Lincoln  Town  Council  is  looking  forward  to  this 
meeting  and  expressed  their  thanks  to  you  for  considering 
this  request  at  a  Council  meeting  held  on  February  20,  1979. 

Very  truly  yours, 


David  Wilkie 
Town  Clerk 
100  Old  River  Road 
Lincoln,  R.  I.  02865 


LINCOLN  HAS 

LAND,  LABOR  AND  TRANSPORTATION  FACILITIES  FOR  INDUSTRIAL  DEVELOPMENT 


Gtumbrrlattb,  2M|obr  Jalattb 


FRANCIS  R  •TCTAIEWlCZ 


Office  Of  The  Town  Administrator 

TOWN  MALL 

CUMBERLAND,  R.  I.  021*4 


September  18,  1980 


Nr.  Paul  ViPietro,  Engineer 
U.S.  Atony  Corps  of  Engineers 
P tanning  Division 
424  Trapelo  Hoad 
Waltham,  Massachusetts  02154 

Dear  Kk.  ViPietro: 

Thank  you  for  you r  continued  efforts  on  the  local  protection 
project  at  the  Berkeley  area  of  Cumberland,  Rhode  lt>land.  The 
planning  of  the  Berkeley  Local  Protection  Project  has  been  undenoay 
for  several  yean;  the  project  has  the  general  support  of  our  tom. 

A  Letter  of  Intent  ms  sent  to  you  based  on  exlsiting  cost 
sharing  legislation.  That  level  of  funding  was  acceptable  and  mutually 
agreed  upon  and  throughout  the  planning  there  was  no  indication  of  a 
larger  contribution.  Now  based  on  current  administration  cost  sharing 
policies,  our  contribution  is  significantly  increased. 

Although  this  new  cost  sharing  policy  has  not  had  the  benefit  of 
Congressional  revieiv  and  approval,  we  have  serious  concern  over  it 
and  cannot  support  it.  We  will  support  the  present  taw  but  would  not 
support  the  project  under  the  proposed  policy  because  of  the  serious 
financial  burden  to  the  comunity. 

This  is  an  important  protect  to  the  vulnerable  Berkeley  area  as 
shown  after  the  damage  from  the  recent  January  25,  1979,  storm.  Con- 
siderable  time  and  effort  have  been  expended  and  we  hope  that  the  report 
will  be  transmitted  promptly  to  Congress  based  on  existing  cost  sharing 
legislation. 


F RS:hm 


Sincerely  yours, 

*  A • 


fronds  R. 

Tom  Administrator 
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As  a  result  of  the  previous  stages  of  screening,  and  many 
reiterations  of  plans  (see  Appendix  2)  the  Berkeley  area  is  the  only 
economically  and  environmentally  feasible  area  in  the  Blackstone 
River  Basin  to  implement  flood  control  measures.  Therefore  Appendix 
4  will  focus  on  the  Berkeley  area  of  Cumberland,  Rhode  Island. 

Supporting  engineering  data  and  analysis  addressing  the  Stage  3 
formulation  and  plan  selection  process  were  developed  for  the 
Berkeley  plan.  Also  included  are  applicable  hydrology  and  hydraulics 
of  the  detailed  plans,  geotechnical  investigations,  cost  estimates, 
design,  and  other  technical  data. 

Topographic  maps  of  the  US  Geological  Survey,  on  a  scale  of 
1:24,000  with  10-foot  contours,  were  supplemented  by  a  limited  topo¬ 
graphic  survey  of  the  studied  areas.  Quantities  of  the  principal 
construction  items  were  estimated  on  the  basis  of  a  preliminary 
design  which  would  provide  safe  and  adequate  structures.  Unit  prices 
are  based  on  current  average  bid  prices  for  similar  construction 
projects  in  the  Rhode  Island  area. 

To  cover  contingencies,  construction  and  relocation,  costs  have 
been  increased  by  20  percent.  Costs  of  engineering,  design,  super¬ 
vision  and  administration  are  estimated  lump  suns  based  on  knowledge 
of  the  project  areas  and  experience  on  similar  projects. 


GENERAL  PLAN  DESCRIPTIONS 

This  section  of  the  appendix  is  concerned  with  describing  the 
plans  selected  in  the  previous  section  on  formulation.  All  meaning¬ 
ful  effects  of  the  plans,  both  favorable  and  unfavorable,  are 
presented.  It  also  presents  significant  information  on  design,  con¬ 
struction,  and  operation  and  maintenance  as  required  for  a  reasonable 
understanding  of  the  technical  aspects  of  the  plan.  This  type  of 
broad  description  is  presented  in  this  section  with  economic  infor¬ 
mation  appearing  in  the  subsequent  sections. 

The  Berkeley  area  is  located  along  the  east  bank  of  the 
Blackstone  River,  extending  from  River  Station  280+00  to  320+00  in 
Cumberland,  Rhode  Island.  Two  plans  of  protection  were  investigated; 
a  structural  plan  offering  protection  against  the  SPF  and  a 
nonstructural  plan  offering  protection  against  the  100-year  flood. 

The  structural  plan  includes  construction  of  about  5,000  feet  of 
earth  dike  embankment  and  concrete  wall  at  Martin  Street,  two  gate 
structures  at  the  Providence-Worcester  Railroad  trackage,  one  vehicu¬ 
lar  gate  and  one  pumping  station  with  appurtenant  structures  to  be 
located  just  downstream  from  the  existing  Martin  Street  Bridge.  This 
plan  would  protect  all  the  buildings  and  land  in  the  Berkeley  area. 
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The  nonstructural  plan  is  primarily  intended  to  protect  the 
buildings  in  the  Berkeley  area.  It  consists  primarily  of  flood  proofing 
the  Individual  buildings  by  sealing  the  lower  perimeter  of  each  building 
with  flood  shields  at  the  windows  and  doors,  and  waterproofing  the  walls 
of  the  building. 

For  these  programs  to  be  effective  the  public  must  understand  the 
general  flood  problem,  the  degree  of  risk  and  the  methods  that  can  be 
used  to  control  the  use  of  the  flood  plains. 

STRUCTURAL  FEATURES  -  BERKELEY  LOCAL  PROTECTION  PROJECT  PLAN  A 

The  Berkeley  Local  Protection  Project  is  the  only  structural 
project  feasible  for  implementation  in  the  Blackstone  River  Basin.  The 
following  sections  describe  the  structural  features  of  this  local 
protection  project.  Plate  3  of  the  main  report  is  a  plan  view  of  the 
structural  plan  A  and  Plate  4  of  the  main  report  shows  the  cross  section 
details. 

Geotechnical  Considerations 


Foundations  and  Materials  Investigations  -  Four  borings ,  each  about 
25  feet  deep,  were  made  for  the  Berkeley  project.  Split  spoon  soil 
samples  were  taken  and  selected  samples  were  classified  and  tested. 

Where  applicable,  information  was  used  from  borings  done  for  the 
Blackstone  Valley  Sewer  District  Commission  in  connection  with  the 
Cumberland  branch  Interceptor.  Several  of  these  borings  are  located 
along  the  alignment  of  the  barrier. 


Site  Geology  -  Most  of  the  local  protection  project  is  located  on 
an  alluvial  plain  comprised  primarily  of  sand  and  gravel.  The  ends  of 
the  barrier  extend  landward  to  the  adjacent  rising  terrace  deposits 
along  the  side  of  the  river  valley.  The  deposits  in  the  alluvial  plain 
are  at  least  30  feet  thick  and  are  underlain  by  quartzitic  type  bedrock 
at  an  undetermined  depth. 

Foundation  Conditions  -  The  design  for  the  Berkeley  site  consists 
of  10  to  20-foot  high  earthfill  dikes  and  a  section  with  a  concrete 
f loodwall.  The  top  barrier  varies  from  elevation  87.5  feet  at  Station 
0+00  to  78  feet  at  Station  51+00.  Part  of  the  alignment  is  along  a 
buried  42-inch  sewerline.  The  sewer  will  not  be  disturbed. 

Dikes  -  The  dikes  will  be  founded  on  interlayered  silty  and 
gravelly  sands  and  sandy  gravels.  Stripping  of  several  feet  of 
unsuitable  surface  materials  may  be  necessary  in  places.  The  overburden 
appears  adequate  to  support  the  proposed  structures. 

Concrete  Floodwall  -  A  concrete  I-Wall  with  a  sheet  pile  cutoff 
extends  from  Station  5+50  to  Station  20+00.  Silty  sands  and  sandy 
gravels  are  indicated  to  a  depth  of  25  feet  and  should  provide  adequate 
bearing  for  the  proposed  structures. 
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Pertinent  Data 


Purpose  -  Flood  Protection 

Location  of  Project 

State  Rhode  Island 

County  Providence 

Town  Cumberland 

River  On  the  Blackstone  River  approximately  two 

miles  upstream  from  Valley  Falls  Pond  in 

Valley  Falls,  Rhode  Island. 

Drainage  Area  -  Blackstone  River  Basin  Drainage  Area  at  local 
protection  site  -  436  square  miles. 


Streamflow  Data  -  At  the  Woonsocket  gaging  station  during  the 
period  of  record  through  December  1973,  monthly  runoff  from  the  416 
square  mile  drainage  area  varied  from  270  to  1,519  cfs  with  a  mean  of 
725  cfs.  The  maximum  flood  of  record  for  the  Blackstone  River  at 
Woonsocket  is  29,600  cfs,  August  19,  1955. 


Vehicular  Gate 


Type 

Elevation 
Opening  Width 
Height 


Reinforced  Concrete  -  Steel  Swing  Gate 

Structure 

78.69  Feet,  NGVD 

40.0  Feet 

11.0  Feet 


Railroad  Gates 


Type 

Elevation,  Top 
Gate 

Opening  Width 
Height 


Reinforced  Concrete  -  Steel  Swing  Gate 
Structure 

78.18  Feet  (South  Gate),  87.5  Feet 
(North  Gate) 

9.25  Feet  Each 

9.0  Feet  (North  Gate),  6.0  Feet 
(South  Gate) 


Pumping  Station 

Structure  Reinforced  Concrete  with  Brick  and  Steel 

Superstructure 

Size  26.0'  x  31'  -  Bottom  Elevation 

55.0'  NGVD  -  Roof  Elevation  88.0'  NGVD 
Pumps  2  (?  40,000  GPM  36"  x  48"  at  a  25  Static 

Head  Driven  by  Two  400  HP  Motor  Operating 
@  505  RPM 
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Embankments 


Reinforced  Concrete  "I"  Wall 
86.25  -  86.16  Feet,  NGVD 

1,450  Feet 
1.5  Feet 

Design 


Type 

Elevation,  Top 
of  Wall 
Total  Length 
Top  Width 


Dike  Design  -  The  dikes  in  general  would  have  a  top  width  of  10 
feet  and  slopes  of  2.5  to  1  on  both  landside  and  riverside.  The 
major  portions  of  the  dikes  would  be  constructed  of  compacted 
earthfill  with  slope  protection  consisting  of  15  inches  of  protection 
stone  on  12  inches  of  gravel  bedding  on  the  riverside  and  6  inches  of 
seeded  topsoil  on  the  landside.  The  project  would  be  designed  with  a 
minimum  of  3.0  feet  of  freeboard  against  the  Standard  Project  Flood 
( SPF) . 

Floodwall  Design  -  Concrete  floodwalls  would  be  designed  in 
accordance  with  criteria  established  in  EM  1110-2-2501,  modified  as 
necessary  to  fit  local  conditions.  The  floodwall  would  be  an  I-type 
with  sheet  piling  cut  off  for  seepage  control.  The  height  of  the 
wall  along  the  rivers  edge  would  be  approximately  16.0  feet.  The  I- 
type  concrete  floodwall  would  be  constructed  along  the  river  face  of 
the  existing  42"  sanitary  sewer  main  with  each  end  having  traditional 
changes  to  earth  dikes. 

Channel  Improvement  -  Channel  improvement  would,  in  general, 
consist  of  straightening  the  east  bank  to  align  the  dike 
embankment.  No  channel  excavation  is  planned. 

Railroad  Gates  -  Two  swing  gate  closures  would  be  required  at 
the  intersection  of  the  project  alignment  and  the  Providence  and 
Worcester  Railroad  trackage.  The  structures  would  have  a  clear 
opening  of  9.25  feet  to  permit  passage  of  freight  trains  through  the 
flood  protected  area  during  normal  periods.  Steel  swing  gates  would 
provide  a  closure  for  floodwaters  in  times  of  flood.  Final  design  of 
the  structure  would  be  coordinated  with  the  railroad  company. 

Pumping  Station  -  A  pumping  station  for  discharging  interior 
drainage  and  seepage  would  be  located  at  the  downstream  side  of  the 
Martin  Street  Bridge.  The  structure  would  house  two  axial  flow 
pumps,  each  capable  of  discharging  40,000  GPM  at  25  feet  of  static 
head.  The  pumps  would  be  driven  by  two  400  HP  diesel  engines  through 
right  angle  gear  units  operating  at  505  Rfrl.  Normal  runoff  from 
approximately  270  acres  high  ground  and  industrial  wastewater  would 
be  conducted  to  the  Blackstone  River  through  a  48-inch  diameter 
reinforced  concrete  pipe.  The  48-inch  gravity  discharge  pipe  would 
be  provided  with  a  sluice  gate  closure  on  the  riverside  of  the 
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dike.  During  flood  periods  interior  drainage,  seepage  and  industrial 
wastewater  would  be  pumped  over  the  earth  dike  to  the  Blackstone 
River  through  two  48-inch  diameter  coated  steel  pipes.  411  necessary 
permits  for  discharge  into  the  river  will  be  considered  during  later 
design  phases  of  the  project. 

Vehicular  Ramp  -  A  vehicular  ramp  will  be  provided  at  the 
intersection  of  the  project  alignment  and  Martin  Street.  The  ramp 
will  be  constructed  so  that  the  ascending  and  descending  grades  will 
be  8  percent  with  a  50-foot  vertical  curve  at  the  crest.  The  roadway 
will  have  two  travel  lanes  of  12-foot  width  with  shoulders  of  3  feet 
on  each  side.  The  asphaltic  concrete  road  will  be  laid  3  inches 
thick . 


Vehicular  Gate  -  A  vehicular  floodgate  closure  would  be  required 
at  the  intersection  of  the  project  alignment  and  a  70-foot  right-of- 
way  leading  to  proposed  developable  industrial  property.  The 
structure  would  have  a  clear  opening  of  40  feet  to  permit  passage  of 
vehicular  and  pedestrian  traffic  through  the  flood  protected  area 
during  normal  periods.  Steel  swing  gates  would  provide  closure  for 
floodwaters  in  times  of  flood. 

Relocations  -  Relocations  required  by  this  project  consist  of 
street  lighting,  overhead  telephone  and  powerlines  along  350  feet  of 
IGA  Way,  450  feet  of  Health  Tex  entranceway  and  400  feet  along  Martin 
Street. 

Interior  Drainage  -  Construction  of  the  recommended  plan  of 
protection  would  cause  disruption  of  all  interior  drainage,  drain 
lines  and  industrial  wastewater  that  now  discharges  directly  into  the 
Blackstone  River,  necessitating  the  construction  of  the  interceptor 
drains  to  the  pumping  station.  The  interceptor  drain  would  conduct 
to  the  pumping  station  all  interior  runoff,  industrial  wastewater  and 
seepage  through  the  dikes  and  walls  that  occurs  during  flood 
periods.  In  normal  times,  water  from  the  interceptor  drain  would 
flow  by  gravity  through  the  pumping  station  and  discharge  pipe  into 
the  river.  During  flood  periods,  water  from  the  interceptor  drain 
lines  at  the  pumping  station  would  be  diverted  by  sluice  gates  into 
the  pumping  inlet  chamber  and  pumped  over  the  dike  to  the  river.  The 
interceptor  drain  lines  would  be  constructed  of  reinforced  concrete 
pipe  varying  in  size  from  12  inches  to  48  inches  in  diameter,  Class 
III  and  V.  Approximately  17  manholes  and/or  catch  basins  would  be 
required  along  the  interceptor  drain  lines  at  the  intersection  of 
other  pipelines. 

Sewer  Gates  -  Two  sewer  gates  will  be  provided  where  the 
sewerline  intersects  the  dike  going  into  and  out  of  the  dike  area. 
This  is  to  prevent  interior  flooding  from  occurring.  During  the 
flood  period  these  sewer  gates  would  only  be  closed  in  the  event  of  a 
rupture  in  the  sewerline  inside  the  protected  area  and  sewage  would 
be  bypassed  into  the  river. 
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Real  Estate 


Site  Description 

Land  -  The  area  covered  by  the  proposed  dike  consists  of 
Industrial  land  located  along  and  adjacent  to  the  Blackstone  River. 
The  land  is  generally  level  and  consists  mostly  of  open  fields, 
having  a  cover  of  grass.  There  is  a  light  tree  line  along  the 
riverbank.  Areas  of  heavy  brush  cover  are  located  to  the  rear  of  the 
Health  Tex  bui.ding  and  along  the  Blackstone  River  on  both  sides  of 
Mart"  Street. 


A  privately  constructed  earthen  dike  is  located  between  the 
Health  Tex  Company  parking  lot  and  the  Blackstone  River.  This  dike 
is  approximately  200  feet  in  length  and  varies  from  5  to  10  feet 
above  the  natural  grade.  Along  IGA  Way,  near  the  intersection  of 
Martin  Street  and  extending  in  a  northerly  direction  beyond  the  Roger 
Williams  Warehouse,  is  a  burled  sewerline.  The  height  of  the  search 
cover  on  the  sewerline  varies  from  3  to  10  feet  above  road  grade. 

This  sewerline  is  suitated  in  a  permanent  easement  area  owned  by  the 
Blackstone  Valley  Sewer  District  Commission.  The  easement  is  20  feet 
wide  and  extends  within  the  alignment  of  the  proposed  dike  area  for 
approximately  1,400  feet. 

Improvements  -  There  are  no  buildings  located  in  the  area  of  the 
proposed  dike  within  the  60-foot  base.  However,  based  on  the  pre¬ 
liminary  plan  with  a  60-foot  base,  access  to  the  Roger  Williams 
Warehouse  would  be  impaired.  With  denial  of  access,  the  entire 
ownership  would  have  to  be  acquired  in  fee  unless  the  access  is 
modified  to  permit  adequate  ingress  and  egress.  The  major 
Improvement  in  this  parcel  is  a  large  modern  warehouse. 

A  portion  of  the  private  access  way  leading  into  the  Roger 
Williams  Warehouse,  known  as  IGA  Way,  is  situated  within  the  60-foot 
base  area  required  for  the  dike.  Thus,  access  to  the  warehouse  would 
be  denied.  The  20-foot  temporary  construction  easement  would  also 
interfere  with  access  via  IGA  Way.  Engineering  provisions  have  been 
made  to  permit  adequate  access  to  this  property. 


An  estimated  250  linear  feet  of  a  6-foot  high  chain  link  fence 
on  the  Roger  Williams  property  is  also  within  the  project  area. 

Located  approximately  midway  between  the  railroad  line  and  the 
riverbank  is  a  9-foot  by  16-foot  concrete  block  well  and  pumphouse. 
This  pumphouse  supplies  water  at  a  rate  of  300  to  500  gallons  per 
minute  to  the  Marble  Plant  (Owens-Corning  Fiberglas).  The  water  is 
pumped  from  the  pumphouse  to  the  Marble  Plant  via  subsurface  cndults. 

An  official  of  the  Owens-Corning  Fiberglas  Company  stated  that 
the  pumphouse  and  well  is  an  important  factor  in  their  manufacturing 
process  and  they  would  prefer  to  have  this  structure  protected  by  the 
X^proposed  dike. 


Site  Improvements  -  An  estimated  900  square  yards  of  the  Health 
Tex  asphalt  paved  parking  lot  is  located  in  the  area  of  the  proposed 
dike. 

Utilities  and  Services  -  Electric  power,  telephone  service,  town 
water,  sewer  and  police  and  fire  protection  are  available  to  proper¬ 
ties  within  the  project  area. 

Relocations  -  Roads  and  Public  Utilities  -  Approximately  300 
feet  of  IGA  Way  and  400  feet  of  the  Health  Tex  access  roadway. 

The  electric  and  telephone  lines  and  supports  on  the  Health  Tex 
property  and  along  IGA  Way. 

The  electrical  and  telephone  lines  and  supports  at  the  Health 
Tex  parking  lot  that  cross  the  river  into  the  town  of  Lincoln. 

Existing  buried  waterlines  along  IGA  Way  and  possibly  along  the 
private  road  on  the  Health  Tex  property. 

Zoning  -  The  entire  project  area  is  zoned  Industrial  A.  The 
Cumberland  Zoning  Ordinances  prohibit  numerous  industrial  operations 
in  areas  with  this  classification.  Most  of  these  prohibited  opera¬ 
tions  produce  a  foul  odor  or  undesirable  waste  products. 

Tax  Loss  -  Based  on  discussions  with  the  town  of  Cumberland 
assessors,  the  estimated  tax  loss  to  the  town  would  not  exceed  $200 
per  year. 

Acquisition  Costs  -  Experience  in  acquiring  properties  in  other 
civil  works  projects  indicates  that  acquisition  costs  will  average 
approximately  $2,000  per  tract.  These  costs  include  mapping, 
surveys,  legal  description,  title  evidence,  appraisals,  negotiations, 
closings  and  administrative  costs  for  possible  condemnation.  The 
number  of  ownerships  within  the  project  area  was  estimated  from  a 
local  assessor's  maps  and  is  considered  reasonably  accurate.  The 
assessor's  maps  indicate  a  total  of  six  separate  tracts  in  the 
project  area.  For  the  purpose  of  this  preliminary  estimate,  an 
additional  ownership  or  a  total  of  seven  ownerships  will  be  included 
to  allow  for  a  pumping  station  site.  Based  on  this  preliminary 
survey,  the  number  of  ownerships  and  acquisition  costs  are  estimated 
as  follows: 

7  Ownerships  @  $2,000  =  $14,000 

Relocation  Assistance  Costs  -  Public  Law  91-646,  Uniform 
Relocation  Assistance  and  Real  Property  Act  of  1970,  provides  for 
uniform  and  equitable  treatment  of  persons  displaced  from  their 
homes,  businesses,  and  farms  by  Federal  and  Federally  assisted 
programs.  Some  of  the  reimbursable  expenses  applicable  to  the 
project  area  include  the  following:  recording  fees,  transfer  taxes 


and  similar  expenses,  mortgage  prepayment  penalty  costs  and  refunds 
on  real  property  taxes.  In  accordance  with  this  law,  an  estimate  of 
$1,400  or  an  average  of  $200  per  ownership  is  included  in  this  report 
to  cover  the  implementation  of  this  act. 

Severance  Damages  -  Severance  damages  usually  occur  when  the 
remaining  portion  may  not  be  subject  to  full  economic  development. 

The  severance  damages  are  measured  and  estimated  on  the  basis  of 
"Before  and  After"  appraisal  methods  and  will  reflect  actual  losses 
inflicted  on  the  remainder  as  a  result  of  partial  acquisition.  The 
estimated  severance  damage  is  $10,000. 

Contingencies  -  A  contingency  allowance  of  20  percent  is  con¬ 
sidered  adequate  to  provide  for  possible  appreciation  of  property 
values  from  the  time  of  this  estimate  to  acquisition  date  for 
possible  minor  line  adjustments.  It  also  allows  for  additional 
hidden  ownerships  which  may  develop  by  refinement  of  taking  lines, 
for  adverse  condemnation  awards  and  for  practical  and  realistic 
negotiations. 

Recommendations  and  Estates  to  be  Acquired  -  It  is  recommended 
that  the  necessary  properties  be  acquired  in  fee  or  by  permanent 
easement.  The  owners  of  the  properties  and  officials  of  the 
companies  involved  in  the  project  area  were  contacted;  and,  for  the 
most  part,  they  concurred  in  the  proposed  plan  of  acquisition. 

A  study  of  the  project  maps  and  field  work  in  the  project  area 
Indicates  that  a  60-foot  base  for  the  dike  would  extend  into  IGA 
Way.  Thus,  access  over  this  private  right-of-way  to  the  Roger 
Williams  Warehouse  would  be  eliminated.  With  access  denied  to  this 
parcel,  the  entire  ownership  would  be  acquired  in  fee.  The  land  and 
improvements  are  conservatively  valued  at  about  $4  million. 

To  avoid  the  acquisition  of  this  valuable  ownership,  a  concrete 
floodwall  will  be  substituted  for  that  portion  of  the  dike  along  the 
west  side  of  IGA  Way  to  reduce  the  taking  limits.  An  estimated 
length  of  300  feet  of  floodwall  will  be  required  to  Insure  access 
into  the  warehouse  via  IGA  Way.  Also,  the  temporary  construction 
easements  should  not  interfere  with  access  over  IGA  Way.  Properties 
to  be  acquired  that  are  encumbered  by  existing  easements  will  be 
purchased  subject  to  those  easements. 

Temporary  Construction  Easement  -  Temporary  easement  of  20-foot 
widths  are  required  for  areas  for  a  2-year  period.  For  the  most  part 
they  will  run  continguous  to  the  inboard  toe  of  the  proposed  dike. 
Exceptions  to  their  contiguity  occur  at  certain  points  where  the 
close  proximity  of  the  structures  to  the  easements  would  Interfere 
with  access.  The  estimated  areas  required  for  temporary  easements 
will  consist  of  about  2-1/2  acres  of  land. 


The  costs  of  temporary  easements  are  predicated  upon  a  fair 
return  of  Invested  capital  and  an  estimate  of  the  economic  tax  for 
the  use  of  the  owner's  land  for  a  2-year  period. 

NONSTRUCTURAL  FEATURES  -  GENERAL 

Nontraditional  Floodwalls 


Floodwalls  built  around  an  Individual  building  are  another  means 
of  nonstructural  floodproofing.  The  floodwall  heights  depend  on  the 
design  level  and  are  built  to  be  compatible  with  the  local 
landscape.  The  walls  are  of  concrete  to  resist  the  lateral  and 
uplift  pressures  associated  with  flooding. 

Where  access  openings  are  necessary,  these  openings  must  be 
provided  with  a  floodgate  to  be  closed  during  floods. 

During  flood  conditions  it  is  possible  for  precipitation, 
seepage,  and  runoff  from  the  roof  to  cause  water  to  accumulate  inside 
the  floodwalls  and  cause  water  damage  to  property  being  protected. 
This  problem  can  be  reduced  by  providing  interior  drainage  facilities 
and  a  small  pumping  station  to  remove  the  water.  Floodwalls  should 
be  constructed  with  slope  protection  to  prevent  high  velocity  flows 
from  causing  erosion  that  could  endanger  the  wall. 

Floodproofing 

The  major  component  of  this  program  is  to  render  existing 
buildings  and  contents  in  flood  hazard  areas  less  vulnerable  to  flood 
damages.  This  is  done  by  decreasing  the  permeability  of  the 
structures  by  means  of  waterproofing  and/or  by  closing  openings 
either  permanently  or  temporarily  with  flood  shields. 

In  the  analysis  of  floodproofing  measures  the  economic  principle 
was  strictly  adhered  to  that  stipulates  the  tangible  benefits  to  be 
derived  by  any  measure  must  exceed  project  costs.  The  specific 
criteria  applied  during  the  evaluation  process  are  summarized  as 
follows: 

Wood  framed  structures  must  be  insusceptible  to  flooding  above 
foundation  walls,  or  raising  or  relocation  would  be  required. 

Nonreinforced  concrete  walls  must  withstand  the  calculated 
differential  waterhead  between  the  inside  and  outside  walls  of  a 
building  plus  one  foot  of  freeboard.  For  depths  of  flooding  under 
consideration,  reinforced  concrete  walls  could  be  floodproofed 
without  any  restrictions.  The  height  of  raising  a  building  depends 
on  its  economic  benefits  and  would  not  cause  adverse  social  and 
environmental  impacts. 
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Structures  exceeding  the  maximum  wall  height  limitations  have  to 
be  relocated.  Aasociated  relocation  costs  would  Include  demolishing 
and  removing  the  existing  structure  and  renovating  the  existing  site 
to  an  open  space  condition. 

For  consistency,  all  structures  should  be  floodproofed  even 
though  only  minimal  flood  losses  might  be  anticipated. 

The  dragline,  defined  as  the  differential  waterhead  between  the 
inside  and  outside  walls  of  a  building,  was  not  applied  in  this  phase 
of  the  analysis.  There  are  too  many  variables  such  as  soil  permea¬ 
bility,  drainage  patterns,  conditions  of  concrete  slabs  or  foundation 
walls  and  seepage  rate  into  a  low  level  structure. 

Relocation 

Relocating  structures,  towns,  or  parts  of  a  city  to  a  location 
safe  from  anticipated  flood  stages  is  termed  a  "none t rue tural" 
solution.  The  social,  environmental  and  economic  effects  of  these 
relocations  could  be  considerable,  and  possibly  greater  than  might 
result  from  the  more  common  structural  solutions. 


Relocation  of  a  building  involves  locating  an  existing 
structure,  or  building  a  new  structure,  at  a  flood  free  site,  and 
then  moving  contents  from  the  previous  structure  to  the  new  lo¬ 
cation.  Finally,  either  demolishing,  or  where  possible,  salvaging 
the  existing  structure,  or  reusing  it  for  a  less  damageable 
susceptible  use.  Relocation  is  more  advisable  when  frequent  high 
stage  flooding  occurs. 

Factors  to  be  considered  when  relocating  are  desires  of  property 
owners,  and  the  effect  upon  the  community. 

Acquisition 

Public  acquisition  of  flood  plain  land  is  commonly  of  two 
types,  (1)  acquisition  of  full  fee  title,  and  (2)  acquisition  of 
land  use  easement.  Fee  acquisition  transfers  ownership  from  private 
to  public  hands  and  thereby  permits  use  for  public  purposes  which 
presumably  will  be  compatible  with  the  flood  hazard.  Preservation  of 
open  space  and  development  of  parks  are  two  common  public  uses  for 
flood  plain  land  acquired  in  fee.  Acquisition  in  fee  is  most  appro¬ 
priate  for  undeveloped  land  or  land  with  few  structures  or  other 
facilities.  For  highly  developed  land  the  presence  of  existing 
structures  can  make  acquisition  much  more  costly  and  at  the  same  time 
may  not  control  development. 

Acquisition  of  a  land  use  easement  is  intended  to  reduce  flood 
damage  by  restricting  land  use  which  is  incompatible  with  the  flood 
hazard.  This  generally  means  restrictions  on  building  and  filling  in 
the  flood  plain.  Ownership,  use,  access,  and  sometimes  occupancy  are 


maintained  by  the  owner,  but  use  Is  restricted  to  the  conditions  of 
the  easement.  Some  easements  specify  continuation  of  present  uses; 
still  others  specify  open  type  uses  and  list  permissible  types. 


Acquisition  in  fee  or  easement  need  not  be  immediate,  but  may  be 
gradual  over  time.  Community  contributions  to  loss  restoration  can 
be  made  contingent  upon  public  title  or  easement,  or  acquisition  can 
be  made  a  continuing  part  of  a  community  development  program. 

Rearranging  Property  Within  an  Existing  Structure 

The  degree  to  which  the  contents  of  a  structure  can  be 
rearranged  and  adequately  protected  depends  on  the  depth  and 
frequency  of  the  flooding. 

For  shallow  flooding,  rearranging  property  is  most  beneficial  to 
the  owner.  This  entails  the  use  of  protective  type  measures  where 
equipment  and  goods  can  be  raised  in  place  and  protected  without 
finding  new  locations  on  other  floors.  Where  the  hazard  is  more 
severe  and  inundation  is  at  greater  depths,  the  equipment  and  goods 
will  need  to  be  relocated  in  either  the  same  structure  or  in  an 
adjacent  structure,  if  available. 

Residual  damage  to  the  structure  and  its  contents  will  remain 
even  when  property  is  rearranged  or  protected  for  there  is  the  cost 
of  cleanup.  Protection  of  property  seems  to  be  given  the  most 
serious  consideration  when  other  measures  (flood  insurance)  are 
either  not  physically  or  economically  feasible,  or  the  depth  of 
flooding  is  relatively  shallow.  Partial  protection  will  only  be  used 
when  a  better  means  cannot  be  found. 

Raising  Existing  Structures 

The  principal  consideration  for  physical  feasibility  is  that  the 
structure  can  be  reaised  economically.  Raising  in  place  is  most 
applicable  to  structures  which  can  be  raised  with  low  cost  con¬ 
ventional  means.  Raising  in  place  is  being  done  primarily  to  wood 
frame  type  structures  on  raised  foundations  (no  basement).  The 
height  selected  to  be  raised  is  influenced  by  the  100-year  flood 
elevation  and  structural  stability.  The  additional  cost  to  raise  a 
structure  an  additional  foot  is  small  compared  to  the  initial  setup 
cost. 


Floodflow  velocity  should  be  accounted  for  in  the  design.  All 
utility  lines  should  be  protected  against  water,  wind,  and  extreme 
temperature  exposure  which  may  be  brought  about  by  elevating  the 
structure.  Access  to  and  from  the  structure  during  high  water  should 
be  insured  when  raising  walks  and  regrading  the  site.  Buildings  with 
basements  below  the  first  floor  are  accessible  and  raising  the 
structure  does  not  protect  the  basement  and  it  is  doubtful  that  it 
would  be  economical  to  reinforce  many  basement  walls  or  floors  to 
take  the  hydrostatic  head  economically. 
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National  Flood  Insurance  Program 


Participation  in  the  National  Plood  Insurance  Program  (NFIP)  is 
also  a  recommended  nonstructural  feature  of  the  plan. 

To  participate  in  the  NFIP,  a  local  government  must  adopt  sound 
flood  plain  management  regulations  which  meet  with  Federal  Emergency 
Management  Administration  (FEMA)  approval.  The  procedure  that  local 
governments  generally  follow  to  qualify  for  the  program  is  discussed 
below. 

Generally,  a  local  government  becomes  aware  of  its  need  to 
participate  in  the  program  when  FEMA  issues  a  preliminary  map  identi¬ 
fying  special  flood  hazard  areas.  Existing  developments  within  these 
flood  hazard  areas  are  required  to  have  flood  insurance  before  they 
are  able  to  get  financial  aid  (mortgages,  improvement  loans,  etc.) 
from  Federally  insured,  regulated  or  subsidized  institutions.  To 
qualify  the  area  for  flood  insurance  the  local  government  must  apply 
to  FEMA  to  enter  a  temporary  emergency  program  that  provides  flood 
insurance  to  existing  developments  at  subsidized  rates.  The  appli¬ 
cation  must  include  tentative  flood  plain  management  regulations. 

The  Corps  of  Engineers  or  another  qualified  agency  then  conducts  a 
Type  15  flood  insurance  study  using  detailed  hydrologic  and  hydraulic 
studies  to  determine  the  100-year  flood  plain  and  to  zone  the  area 
according  to  the  relative  flooding  risk.  Ihe  results  are  submitted 
to  FEMA,  which  then  issues  a  rate  map  based  on  the  flood  risk  zones 
and  specifies  actuarial  flood  insurance  rates.  For  future  develop¬ 
ments  to  qualify  for  the  regular  insurance  program  before  expiration 
of  the  emergency  program,  the  local  government  must  then  revise  its 
flood  plain  management  regulations  in  accordance  with  the  refined 
flood  plain  outline  and  minimum  Federal  requirements. 

This  nonstructural  feature  of  the  selected  plan  not  only  reduces 
local  economic  Impacts  from  residual  flood  damages  but  also  achieves 
a  degree  of  long  term  control  over  future  flood  damages  in  the 
b«s'n.  Sound  flood  plain  management  programs  that  can  be  implemented 
by  local  governments  can  be  as  Important  as  structural  measures  in 
reducing  flood  damage.  For  these  programs  to  be  effective  the  public 
must  understand  the  general  flood  problem,  the  degree  of  risk  and  the 
methods  that  can  be  used  to  control  the  use  of  the  flood  plains. 

NONSTRUCTURAL  FEATURES  -  BERKELEY  LOCAL  PROTECTION  PROJECT  PLAN  B 

Primary  Nonstructural  Plans  -  Primary  nonstructural  plans  are 
alternatives  addressed  whenever  a  structural  project  or  program 
alternative  is  considered.  The  nonstructural  Berkeley  plan  would 
handle  the  flooding  conditions  around  Roger  Williams  Foods,  Health 
Tex,  the  Municipal  Pumping  Station  and  Okonite  Company.  The  plan  of 
protection  will  provide  for  a  combination  of  "I"  or  "T"  type 
floodwalls  6  to  7.5  feet  high,  waterproofing  to  levels  of  maximum 
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water  contact,  and  vehicular  stoplog  gates  which  have  a  clear  opening 
of  40  feet.  All  proposals  will  provide  protection  against  an  event 
which  has  a  1  in  100-year  probability  of  occurrence.  The  project  has 
been  broken  into  four  areas  which  follow.  Plate  5  in  the  main  report 
shows  a  plan  view  of  the  nonstructural  Plan  B. 

Area  1  -  Roger  Williams  Company  -  The  project  involves  the 
construction  of  700  feet  of  a  6  to  7.5-foot  high  "I"  or  "T"  wall. 

The  wall  would  be  located  on  the  west  side  of  the  complex  and  Inclose 
2.25  acres  of  paved  parking  and  loading  area.  This  would  include  2 
vehicular  stoplog  gates  40  feet  wide  to  form  a  closure  in  times  of 
flood  and  to  provide  passage  of  traffic  during  normal  times.  The 
north,  south  and  east  sides  of  the  structure  would  be  protected  by 
waterproofing  measures  and  the  use  of  temporary  flood  shields  2.75 
feet  high.  See  Plate  5  in  main  report  for  details. 

Area  2  -  Health  Tex  -  The  protection  of  Health  Tex  will  include 
the  construction  of  430  feet  of  a  7.5-foot  high  "I"  or  "T"  wall. 

This  would  be  located  on  the  north  side  of  the  complex  inclosing  .65 
acres  of  paved  parking  and  loading  area.  Two  vehicular  stoplog  gates 
with  40-foot  openings  would  be  provided  to  form  a  closure  during 
times  of  flood.  During  normal  times,  complete  access  would  be 
available.  The  east,  south,  and  west  sides  of  the  building  would  be 
protected  by  waterproofing  measures  and  the  use  of  temporary  flood 
shields  2.75  feet  high.  See  Plate  5  in  main  report  for  details. 

Area  3  -  Okonlte  Co.  -  The  protection  of  Okonite  Co.  will 
include  the  construction  of  160  feet  of  a  2-foot  high  gravity  wall 
with  flood  shields  on  the  south  side  of  the  complex.  The  rest  of  the 
building  would  be  protected  by  waterproofing  measures  and  the  use  of 
8-inch  temporary  flood  shields.  See  Plate  5  in  main  report  for 
details. 

Area  4  -  Municipal  Pumping  Station  -  The  pumping  station  will  be 
protected  by  a  combination  of  waterproofing  and  a  flood  shield. 

ESTIMATE  OF  COSTS 

Basis  of  Estimates  -  Topographic  maps  of  the  US  Geological 
Survey,  on  a  scale  of  1:24,000  with  10-foot  contours,  were 
supplemented  by  field  survey  of  the  studied  dike  alignment  and 
adjacent  areas.  Foundation  conditions  were  determined  by  field 
reconnaissance  and  foundation  explorations.  Quantities  of  the 
principal  construction  items  were  estimated  on  the  basis  of  a 
preliminary  design  which  would  provide  safe  and  adequate  structures. 

Unit  prices  are  based  on  current  average  bid  prices  for  similar 
construction  projects  in  the  Rhode  Island  area. 

Contingencies,  Engineering  and  Overhead  -  To  cover  contingen¬ 
cies,  construction  and  relocation  costs  have  been  increased  by  20 
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percent*  Cofts  of  engineering*  design*  supervision  and  adminls- 
tration  are  estimated  lump  sums  based  on  knowledge  of  the  project 
area  and  experience  on  similar  projects. 

First  Costs  -  A  detailed  breakdown  of  firat  costs  for  the 
structural  project  is  given  in  table  4-4.  The  costs  for  the 
nonstructural  are  shown  in  tables  4-5  and  4-6. 

Annual  Charges  -  The  eatiaete  of  Federal  annual  charges  is  based 
on  interest  at  percent  of  the  Federal  investment  plus  the 

amount  required  to  amortize  the  investment  over  the  assumed  100-year 
life  of  the  project.  Non-Federal  interest  and  amortization  charges 
were  computed  in  a  similar  manner  at  the  same  Interest  rate.  Non- 
Federal  charges  also  Include  amounts  for  maintenance  and  operation  of 
the  project  and  Interim  replacement  of  equipment  having  an  estimated 
life  of  less  than  100-years.  A  summary  of  the  costs  is  shown  in 
Appendix  7. 
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TABLE  4-4 


PLAN  A 

FIRST  COST  -  BERKELEY  LOCAL  PROTECTION  PROJECT 


FEB  1981 

PRICE 

LEVEL* 

Description 

Quantity 

Unit 

Unit  Cost 

Amount 

Lands  &  Damages 

Land  &  Improvements 
Temporary  Construction 

1 

Job 

LS 

95,000 

Easements 

1 

Job 

LS 

7,000 

Severance  Damages 

1 

Job 

LS 

14,000 

Relocation  Assistance 

1 

Job 

LS 

1,800 

Acquisition  Costs 

1 

Job 

LS 

18,000 

Contingencies  (20%) 

27,160 

162,960 

Relocations 

Roadways 

1 

Job 

LS 

25,000 

Utilities 

1 

Job 

LS 

12,500 

Contingencies  (20%) 
Engineering  and 

Design  (15%) 

Supervision  and 

Administration  (10%) 

7.500 

6,750 

4.500 
56,250 

Levees  &  Floodwalls 

Site  Preparation 

1 

Job 

LS 

13,000 

Stream  Control 

I 

Job 

LS 

13,000 

Levees 

Excavation  (Stripping) 
Excavation  (Unclas- 

15,400 

CY 

2.00 

30,800 

sified) 

27,000 

CY 

3.00 

81,000 

Excavation  (Trench) 

13,000 

CY 

4.00 

52,000 

Impervious  Fill 

89,000 

CY 

6.50 

578,500 

Pervious  Fill 

15,000 

CY 

6.00 

90,000 

Gravel  Bedding 

13,000 

CY 

7.00 

91,000 

Crushed  Stone 

4,700 

CY 

16.00 

75,200 

Stone  Slope  Protection 

18,500 

CY 

35.00 

647,500 

Topsoil 

4,000 

CY 

4.50 

18,000 

Seeding 

21,000 

SY 

1.25 

26,250 

Road  Gravel 

Steel  Bin  Type  Ret. 

1,000 

CY 

8.50 

8,500 

Wall 

1 

Job 

LS 

40,000 

Ramp  Fill  (Martin  St.) 

2,800 

CY 

3.50 

9,800 

6"  Perforated  Sub-Drain 

4,600 

LF 

6.00 

27,600 

Sub-Drain  Manholes 

11 

EA 

900.00 

9,900 

1,786,050 


( 


♦Costs  are  updated  In  Economics  Appendix. 


Total 


162,960 


56,250 
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TABLE  4-4  (Cont'd) 


Description  Quantity 

Unit 

Unit  Cost 

Amount 

Total 

Floodwalls 

Concrete 

Steel  Sheet  Pile 

1,800 

CY 

250.00 

450,000 

Cut-off 

34,800 

SF 

15.00 

522.000 

972,000 

Drainage 

Excavation  (Trench) 

5,800 

CY 

4.00 

23,200 

Storm  Drains 

3,500 

LF 

40.00 

140,000 

Manholes 

9 

EA 

950.00 

8,550 

171,750 

Sluice  Gate  &  Access  Bridge 

Access  Bridge 

1 

Job 

LS 

2,000 

Sluice  Gate 

1 

Job 

LS 

13,000 

Concrete 

20 

CY 

270.00 

5,400 

20,400 

Pumping  Station 

Excavation 

2,040 

CY 

4.00 

8,160 

Reinforced  Concrete 

588 

CY 

230.00 

135,240 

48"  Steel  Discharge  Pipe 
Gravity  Feed  48"  Concrete 

180 

LF 

130.00 

23,400 

Pipe 

266 

LF 

135.00 

36,180 

Electrical 

1 

Job 

LS 

27,000 

Pumps  &  Mechanical  Equip. 

1 

Job 

LS 

162,000 

Overhead  Crane 

1 

Job 

LS 

13,500 

Sluice  Gate  w/Structure 

1 

Job 

LS 

13,500 

Access  Bridge 

1 

Job 

LS 

3,500 

Dewatering 

1 

Job 

LS 

52,000 

Miscellaneous  Items 

1 

Job 

LS 

30,000 

Gravel  Bedding 

216 

CY 

8.00 

1,728 

Stone  Protection 

^00 

CY 

15.00 

6,000 

Fill 

1,500 

CY 

3.00 

4,500 

516,708 
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TABLE  4-4  (Cont'd) 


i 


Description 

Quantity 

Unit 

Unit  Cost 

Amount 

Swing  Gates 

Reinforced  Concrete 

900 

CY 

220.00 

198,000 

4"  Concrete  Sidewalk 

140 

SY 

12.20 

1,700 

3"  Bit.  Concrete 

270 

SY 

15.00 

4,050 

Gravel  Base  Coarse 

410 

CY 

8.00 

3,280 

Compacted  Sand  Fill 

2,340 

CY 

5.00 

11,700 

General  Excavation 

4,700 

CY 

4.00 

18,800 

Bit.  Concrete  Excavation 
Remove  &  Replace  R.R. 

270 

SY 

2.00 

540 

Tracks 

Sewer  M.H.  Cover 

350 

LF 

30.00 

10,500 

3"  Dia. 

Floodgates  2  (25'xll') 

1 

Job 

LS 

300 

Doors 

Railroad  4  (9.5'x9.5'' 

1 

Pair 

LS 

61,000 

Doors 

2 

Pair 

LS 

40,000 

349,870 

Ponding  Area 

Excavation 

1,800 

CY 

3.00 

5,400 

Seeding 

5,600 

SY  1.25 

SUBTOTAL 

7,000 

12,400 

3,829,178 

Contingencies  (2071) 

" 

' 

765,836 

4,595,014 

Engineering  &  Design 

(15%) 

- 

— 

689,252 

Supervision  & 

Administration  (10%) 

" 

459,501 

5,743,767 

TOTAL  PROJECT  FIRST  COST 


Use 


Note 

EA  -  EACH 
SY  -  SQUARE  YARD 
CY  -  CUBIC  YARD 
LF  -  LINEAR  FOOT 
LS  -  LUMP  SUM 


Total 


219,210 

5,962,977 

$6,000,000 
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TABLE  4-6 


* 

PLAN  B 

FIRST  COST  -  BERKELEY  LOCAL  PROTECTION  PROJECT 
June  1981  Price  Level 


Health  Tex  Inc 


Description 

Quantity 

Unit  Unit  Cost 

Amount 

Total 

Lands  &  Damages 

$22,000 

Relocations 

0 

Waterproofing  Walls 
Excavation 

Cleaning  Walls  &  Water 

1970 

LF 

5.50 

$10,835 

proofing 

1970 

LF 

11.00 

21,670 

Restoring  Site 

1970 

LF 

1.00 

1970 

Floodwalls 

510 

LF 

390.00 

198,900 

2  Flood  Gates  w/Stop  Logs 

1 

Job 

LS 

60,000 

Flood  Shields 

330 

SF 

60.00 

19,800 

Pump  Station 

1 

Job 

LS 

20,000 

Subtotal 

333,175 

Contingencies  20% 

66,635 

399,810 

Engineering  &  Design  15% 

59,972 

Supervision  &  Admini- 

stration  10% 

Subtotal 

39,981 

$499,763 

499,963 

Total  First  Costs  $521,763 


* 
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TABLE  4-6  (Coat'd) 


FLAN  B 

FIRST  COST  ~  BERKELEY  LOCAL  PROTECTION  PROJECT 
JUNE  195!  PRICE  LEVEL 

OKONITE  CO. 


Description  Quantity 

Lands  &  Damages 

Relocations 


Waterproofing  Walls 


Excavation 

1,370 

Cleaning  Walls  &  Water¬ 

proofing 

1,370 

Restoring  Site 

1,370 

Flood  Shields 

75.00 

Flood  Walls 

1 

Engineering  &  Design  1ST 

Supervision  A  Admlnls- 
tration  10Z 


Unit  Unit 

Cost 

Amount 

Total 

LF 

5.50 

7,535 

$15,200 

0 

LF 

11.00 

15,070 

LF 

1.00 

1,370 

SF 

60.00 

4,500 

Job 

LS 

3,000 

Subtotal 

Contingencies  20Z 

3M7T 

6,295 

37,770 

5,666 

3,777 

$47,213 

$47,213 

Total  First  Cost  $62,413 
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TABLE  4-6  (Cont'd) 
PLAN  B 


FIRST  COSTS  -  BERKELEY  LOCAL  PROTECTION  PROJECT 
JUNE  1981  PRICE  LEVEL 
ROGER  WILLIAMS 


Description 

Quantity 

Unit 

Unit  Cost 

Amount 

Total 

Land  &  Damages 

$22,000 

Relocations 

0 

Waterproofing  Walls 
Excavation 

Cleaning  Walls  &  Water- 

1,240 

LF 

5.50 

6,820 

proofing 

1,240 

LF 

11.00 

13,640 

Restoring  Site 

1,240 

LF 

1.00 

1,240 

Floodwalls 

675 

LF 

390.00 

263,250 

Flood  gates  w/stop  logs 
Stop  logs 

1 

Job 

LS 

36,000 

Excavation/fill 

100 

CY 

6.00 

600 

Reinforced  Concrete 

36 

CY 

220.00 

7,920 

I-Beams 

1 

Job 

LS 

2,000 

Asphalt 

100 

SY 

10.00 

1,000 

Flood  Shields 

80 

SF 

60.00 

4,800 

Cantilevered  Wall 

300 

LF 

80.00 

2,400 

Pump  Station 

1 

Job 

LS 

40,000 

Subtotal 

401,270 

Contingencies  20Z 

80,254 

481,524 

Engineering  &  Design  15Z 

72,229 

Supervision  &  Ad  minis- 

tratlon  10Z 

48,152 

601,905 

601,905 

Total 

First  Cost 

$624,105 
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TABLE  4-6  (Cont'd) 

PLAN  B 

FIRST  COST  -  BERKELEY  LOCAL  PROECTION  PROJECT 
JUKI  1981  PRICE  LEVEL 

PUMP  STATION 


Description  Quantity  Unit  Unit  Coat  Aaount 

Lands  &  Damages 

Relocations 


Waterproofing 

Excavation 

Cleaning  &  Waterproofing 
Restoring  Site 

Flood  Shields 


E&D  15% 
S&A  10% 


120 

LF 

5.50 

660 

120 

LF 

11.00 

1,320 

120 

LF 

1.00 

120 

60 

SF 

60.00 

3,600 

Subtotal 

5,700 

Contingencies  20%  1,140 

6,840 

1,026 

684 

8,550 

Total  First  Cost 


SUMMARY  FIRST  COSTS  -  PLAN  B 


Building  Cost 

Health  Tex  Incorporated  $  521,763 

Okonlte  Company  62,413 

Roger  Williams  624,105 

Pump  Station  gt55Q 

TOTAL  PROJECT  FIRST  COST  $1,216,831 


Use  $1,220,000 
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Total 

0 

0 


"17550 

$8,550 
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NATURAL  RESOURCES 


The  Blackstone  River  Basin  drains  approximately  476  square 
miles,  334  square  miles  of  which  are  In  Massachusetts  with  the 
remaining  142  square  miles  In  Rhode  Island.  The  basin  Is  about  46 
miles  long  with  an  average  width  of  approximately  12  miles.  The 
river  originates  near  Worcester,  Massachusetts,  and  runs  In  a 
southeasterly  direction  to  the  tidewaters  of  the  Seekonk  River  in  the 
area  of  Providence  and  Pawtucket,  Rhode  Island. 

There  are  numerous  small  storage  reservoirs  in  the  Blackstone 
Basin  that  are  used  primarily  for  Industrial  and  municipal  water 
supplies.  In  addition,  many  dams  were  constructed  in  the  19th 
century  to  provide  hydropower  for  industries  along  the  river's 
banks.  These  dams,  to  a  minor  extent,  help  control  flooding.  There 
is  one  large  reservoir  located  on  the  West  River  in  Uxbridge, 
Massachusetts,  which  provides  flood  protection  for  communities  along 
the  West  and  Blackstone  Rivers. 

The  Blackstone  River  receives  large  amounts  of  treated  and  raw 
domestic  and  industrial  sewage.  During  periods  of  low  water,  over  95 
percent  of  the  flow  in  the  stream  immediately  below  Worcester 
includes  discharge  from  the  Worcester  Wastewater  Treatment  Plant, 
untreated  raw  domestic  sewage,  and  wastewaters  from  other  sources  in 
Worcester.  The  river  water  in  this  reach  is  characterized  by 
offensive  odors,  high  turbidity,  high  concentrations  of  suspended  and 
organic  material,  high  bacterial  counts,  and  low  dissolved  oxygen 
(DO)  levels.  With  this  initial  load  of  pollutants  and  with  the  many 
other  sources  of  municipal  and  industrial  waste  added  along  its 
course,  the  Blackstone  River  is  considered  less  than  Class  C  quality 
throughout  most  of  its  length.  Many  of  the  tributaries  are  Class  A 
or  B  at  their  headwaters,  but  are  Class  D  or  E  when  they  enter  the 
Blackstone. 

The  basin  falls  within  two  major  physiographic  regions:  the  New 
England  Upland  and  the  Narragansett  Bay  Basin.  The  upland  region, 
which  comprises  more  than  two  thirds  of  the  area,  is  moderate  in 
relief  with  elevations  generally  near  300  feet,  but  with  maximum 
elevations  of  over  1,000  feet.  Except  for  changes  resulting  from 
glaciation  and  stream  erosion,  the  uplands  reflect  the  resistant 
bedrock.  The  Narragansett  Basin  has  low  hills  and  plains;  generally 
the  elevations  are  less  than  200  feet.  Bedrock  is  of  the  less 
resistant  sedimentary  type. 

The  Blackstone  River  Valley  in  the  vicinity  of  the  Berkeley 
Industrial  Park  is  rather  broad  and  flat  with  the  valley  walls  rising 
approximately  200  feet  above  the  flood  plain.  In  this  stretch,  the 
river  drops  uniformly  at  about  11  feet  per  mile.  Upstream  of  this 
area,  the  river  drops  approximately  25  feet  per  mile.  The  topography 
has  been  extensively  modified  by  glaciers. 


The  general  geology  of  the  entire  basin  consists  of  various 
deposits  of  glacial  overburden.  Till  covers  most  of  the  area,  but  is 
generally  thin  on  the  hills.  Water-laid  sands  and  gravels  are 
primarily  in  the  valleys;  however,  some  isolated  deposits  are 
scattered  at  higher  elevations.  Alluvium  is  confined  primarily  to 
the  river  channels.  Outcrops  of  bedrock  are  common.  Generally  the 
rocks  are  a  complex  of  metamorphosed  sedimentary  and  igneous  rocks. 
Included  in  the  igneous  group  are  granites,  diorites,  greenstone, 
schist,  quartzite  and  various  other  abundant  types.  The  sedimentary 
rocks  begin  just  east  of  the  industrial  park  and  extend  in  a 
northerly  direction,  marking  the  beginning  of  the  feature  known  as 
the  Narragansett  Basin.  A  fault  is  located  approximately  two  miles 
from  the  project  site,  but  it  is  not  considered  active. 

The  proposed  dike  of  the  Berkeley  Local  Protection  Project  would 
be  located  primarily  on  sand  and  gravel.  These  deposits  are  at  least 
30  feet  deep,  and  are  nesting  upon  quartz  bedrock.  Borings  in  the 
area  showed  ground  water  about  10  feet  below  the  surface,  or 
approximately  at  the  river's  level. 

The  Blackstone  River  Basin  lies  near  the  northern  extremity  of 
the  Appalachian  Oak  Forest.  Oak  and  hickory  dominate  most  of  the 
basin  with  maple,  birch  and  beech  characterizing  the  adjoining 
Northern  Hardwood  Forest  around  the  western  and  northern  edges  of  the 
upland.  Outside  the  urban  areas,  the  land  ts  mostly  forested  but 
farm  and  pasture  lands  are  scattered  about.  The  oak-hickory  forest 
land  has  little  current  commercial  value,  except  for  firewood  or 
house  lots.  White  pine,  valued  for  timber,  is  present  but  is  rare. 
The  region's  extensive  and  widely  scattered  upland  swamps  and  marshes 
contain  a  great  variety  of  vegetation,  and  are  valued  as  wildlife 
habitat  as  well  as  natural  drainage  regulators. 

The  site  where  the  dike  would  be  located  is  a  fairly  large  flood 
plain  which  is,  for  the  most  part,  urbanized.  Otherwise  it  is 
dominated  by  grass  species.  However,  the  riverbank  does  have  small 
clusters  of  trees;  the  primary  species  are  sycamore  (Platanus 
occidentalis) ,  red  maple  (Acer  rubrum),  the  black  and  red  oak 
(Quercus  velutina  and  Q.  rubra),  and  gray  birch  (Betula 
populifolia) .  There  is  one  fairly  dense  stand  of  trees  along  the 
southern  side  of  the  industrial  park  and  a  backwater  area  that  is 
often  flooded  in  the  early  spring.  Many  of  the  previous  species 
mentioned  are  found  In  this  dense  stand  and  backwater  area. 


RECREATION 

The  State  of  Rhode  Island  has  identified  the  major  concerns  for 
recreatin  and  natural  resources  of  the  region.  The  detailed  analysis 
is  found  In  the  Plan  for  Recreation,  Conservation  and  Open  Space, 

June  1978. 


This  plan  also  serves  as  Rhode  Islands  Statewide  Comprehensive 
(Xitdoor  Recreation  Plan  (SCORP). 

The  following  general  goals  were  established  to  guide  the 
formulation  of  all  plans  and  implementation  programs  concerning 
recreation  and  natural  resources  throughout  the  State: 

1.  Provide  for  adequate  and  diverse  recreational  opportunities 
and  facilities  primarily  to  meet  the  needs  of  the  State's  residents 
while  also  attracting  and  serving  visitors. 

2.  Preserve  and  protect  open  space  so  as  to  enhance  the  total 
quality  of  the  environment. 

3.  Insure  the  sound  use  and  development  of  appropriate  land  and 
water  resources  in  Rhode  Island  for  recreational  purposes. 

4.  Recognize  that  Narragansett  Bac  is  the  State's  most 
important  natural  feature  and  recreational  resource. 

5.  Improve  the  capability  of  both  public  and  private  sectors  to 
respond  to  recreational  needs  at  both  the  community  and  regional 
levels  within  the  State. 

6.  Utilize,  to  the  greatest  extent  possible,  the  capabilities 
of  the  private  sector  in  the  outdoor  recreational  area. 

7.  Improve  opportunities  for  water-oriented  recreation  by 
reducing  pollution  and  controlling  water  quality  in  Rhode  Island's 
water  bodies. 

A  number  of  key  recommendations  were  formulated  to  help  meet 
these  established  goals.  Those  following  are  the  most  pertinent  in 
regard  to  the  Blackstone  River  Basin: 

.  Improve  use  opportunities  at  existing  urban  and  metropolitan 
parks  and  develop  additional  neighborhood  recreation  areas. 

.  Improve  public  transportation  to  recreation  sites 
particularly  in  and  around  urban  areas. 

.  Provide  freshwater  swimming  principally  in  the  west  and  east 
metropolitan  regions,  not  only  to  meet  supply  deficiencies  but  also 
as  a  substitute  for  saltwater  swimming. 

.  Adopt  a  formal  arrangement  between  the  Rhode  Island 
Historical  Preservation  Commission  and  the  Department  of 
Environmental  Management  for  the  purpose  of  facilitating  the  orderly 
development  of  areas  that  have  both  historic  and  recreational 
significance. 
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.  Complete  a  feasibility  study  for  the  establishment  of  a 
scenic  and  recreational  river  system  in  the  State. 

.  Meet  picnicking  deficiencies  in  all  regions,  and  particularly 
the  west  metropolitan  and  northeast  regions. 

.  Meet  Statewide  supply  deficiencies  in  tennis.  These  are  most 
acute  in  the  west  metropolitan  and  northeast  regions. 

.  Activity  in  many  recreation  pursuits  should  be  stimulated  by 
Government  through  the  provision  of  accessible  facilities  and  through 
the  promotion  of  those  recreational  pursuits  that  exhibit  muitiseasor. 
durability. 

.  The  Statewide  Planning  Program  should  complete  it  flood  plain 
management  study  and  examine  alternative  protection  and  regulation 
techniques  for  flood  prone  areas. 

.  Investigate  legal  provisions  which  create  conflicts  between 
private  ownership  and  the  recreational  use  of  the  State's  navigable 
waterways.  Clarify  public  regulations  for  recreational  use  of 
navigable  waterways. 

.  Identify,  publicize,  and  protect  areas  of  scenic,  historical, 
and  cultural  Interest  for  the  large  sightseeing  population. 

.  For  the  promotion  of  environmental  awareness,  encourage  the 
Department  of  Education  to  foster  the  use  and  study  of  appropriate 
natural  areas  as  part  of  the  educational  curriculum  in  all  school 
districts. 

In  order  to  assess  regional  recreation  and  natural  resource 
problems  and  needs,  the  State  used  a  number  of  different  survey 
techniques.  Various  questionnaires  and  phone  calls  were  utilized  in 
order  to  compile  and  understand  the  recreation  needs  and  concerns  of 
the  State.  These  surveys  yielded  a  number  of  general  conclusions 
which  form  a  framework  for  future  recreation  planning.  Numerous 
activities  were  surveyed,  with  the  five  most  popular  by  order  of 
popularity  being:  saltwater  swimming,  freshwater  swimming, 
sightseeing,  picnicking  and  outdoor  games. 

The  surveys  also  provided  valuable  information  on  the  supply  and 
demand  for  recreation  facilities.  It  was  discovered  that  people  in 
general  will  travel  to  the  closest  available  supply  implying  that 
there  is  overcrowding  of  facilities  in  and  around  population 
centers.  Also,  people  tend  to  travel  shorter  distances  and 
participate  more  if  supply  is  close  at  hand.  Surveys  and  models  have 
shown  that  supply  of  recreation  facilities  is  distributed  unevenly  in 
relation  to  the  demand.  With  the  exception  of  tennis  and  picnicking 
it  was  revealed  that  there  is  a  surplus  of  supply  on  a  Statewide 
basis  for  the  most  popular  activities.  However,  demand  is  often 
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affected  by  location  of  supply,  quality  of  facilities  and  fees 
charged. 

In  specific  regard  to  the  Berkeley  Local  Protection  Project,  the 
proposed  structural  alternative  essentially  consists  of  a  5,100+  foot 
earthftll  dike  and  concrete  wall  varying  from  10  to  20  feet  high 
along  the  east  bank  of  the  Blackstone  River  in  Cumberland,  Rhode 
Island.  The  only  recreation  facilities  existing  in  the  area  to  be 
immediately  affected  by  the  dike  are  two  ball  fields  between  Martin 
Street  and  Health  Tex,  Inc.  The  ball  fields,  one  baseball  and  one 
softball,  are  on  town  owned  land  between  the  town  of  Cumberland  water 
supply  pumping  station  and  one  of  the.  two  access  roads  to  Health  Tex 
from  Martin  Street.  The  Berkeley  Local  Protection  dike  would  be 
located  between  this  access  road  and  the  Blackstone  River.  The 
present  plan  for  the  dike  includes  a  relocated  access  road  from 
Martin  Street  to  Health  Tex,  which  would  pass  through  the  softball 
field. 


Both  of  these  municipal  hall  fields  are  used  on  a  regular  basis 
by  residents  of  Berkeley  and  are  the  only  facilities  of  their  kind  in 
the  area.  Both  are  fairly  well  maintained,  but  could  be  improved,  if 
desired,  by  the  addition  of  bleachers  and  possibly  a  few  picnic 
tables  under  the  trees  along  Martin  Street.  Since  construction  of 
the  proposed  relocated  access  road  would  eliminate  the  softball 
field,  thereby  having  a  significant  adverse  impact  on  this  important 
recreation  facility,  it  is  recommended  that  as  further  engineering 
and  design  takes  place  that  consideratin  be  given  to  eliminating  the 
proposed  access  road  and  instead  improving  the  other  access  road  to 
Health  Tex  from  Martin  Street.  This  would  avoid  any  direct  impact  on 
the  ball  fields  as  well  as  to  eliminate  most  of  the  heavy  truck 
traffic  next  to  the  ball  fields  along  Martin  Street  and  the  access 
road  by  the  proposed  dike.  The  other  access  road  to  Health  Tex  is 
also  shorter  and  more  direct.  It  is  also  recommended  that  the  size 
of  the  ponding  area  near  the  dike  and  Martin  Street  be  minimized  and 
located  as  far  as  possible  from  the  ball  fields  to  avoid  any 
additional  conflict  with  recreational  use  in  this  area.  These 
measures  will  preserve  and  protect  the  valuable  recreation 
opportunities  afforded  the  public  in  this  highly  urbanized  and 
industrialized  area. 

No  further  recreational  development  is  planned  in  connection 
with  this  project  due  to  the  very  limited  nature  of  the  resource.  No 
additional  cost  for  recreation  facilities  will  therefore  be 
incurred.  There  will  also  be  no  cost  sharing  requirements  or  further 
administrative  responsibilities  in  addition  to  those  already 
necessary  to  maintain  the  ball  fields  at  the  present  time. 
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FISH  AMD  WILDLIFE 


In  1975,  the  Rhode  Island  Division  of  Fish  and  Wildlife  sampled 
the  fish  population  and  water  chemistry  in  the  vicinity  of  the 
Berkeley  Industrial  Park.  They  found  the  fish  population  to  consist 
of  the  following:  goldfish  (Carrassius  auratus),  common  sunfish 
(Leonis  sp.),  brown  bullhead  (Ictalaus  nebulosus)  and  white  suckers 
(Catostomus  coramersonnic) .  These  species  are  tolerant  to  adverse 
conditions,  which  spot  sampling  of  the  water  chemistry  indicates  to 
be  prevalent. 

Dissolved  oxygen  is  extremely  important  to  aquatic  organisms. 
Only  the  hardiest  fish  are  able  to  survive  with  5.5  parts  per  million 
(ppm)  of  DO  which  has  been  measured  in  the  Blackstone  River,  while 
species  such  as  trout  require  at  least  7.0  ppm.  Consequently,  this 
river  in  the  vicinity  of  the  Berkeley  Industrial  Park  is  not  an  ideal 
environment  for  most  game  fish.  However,  with  future  reduction  of 
pollution  the  potential  for  restoration  of  a  freshwater  fishery  could 
be  realized  with  largemouth  bass,  chain  pickerel  and  possible 
northern  pike  being  the  principal  game  fish.  The  present  value  of 
the  fishery  is  low  due  to  the  pollution  in  the  Blackstone  River. 

There  is  limited  habitat  in  the  vicinity  of  the  proposed  dike 
for  wildlife.  Some  of  the  species  that  may  be  found  in  the  project 
area  include  pheasant,  woodcock,  cottontail  rabbit,  woodchuck  and  a 
variety  of  songbirds.  There  are  no  known  rare  or  endangered  species 
within  the  area  of  Lhe  proposed  project.  Following  is  the 
Conservation  and  Development  Report  of  the  i!S  Fish  and  Wildlife 
Service  dated  ?.l  September  1977  for  the  blackstone  River  at  Berkeley, 
Rhode  Island. 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 
Division  of  Ecological  Services 
P.  0.  Box  1518 

Concord,  New  Hampshire  03301 


BLACKS TONE  RIVER  AT  BERKLEY.  RHODE  ISLAND 

Conservation  and  Development  Report  of  the  U.S.  Fish  and  Wild¬ 
life  Service,  on  a  study  for  urban  flood  control,  floodplain 
management,  water  supply,  and  recreation  of  the  New  England 
Division,  U.S.  Army  Corps  of  Engineers. 


The  study  was  authorized  by  a  resolution  of  the  Senate  Committee  on  Public 
Works  adopted  29  May  1968,  undez  Section  3  of  the  Rivers  and  Harbors  Act. 
This  report  is  prepared  under  authority  of  the  Fish  and  Wildlife  Coordi¬ 
nation  Act  (48  Stat.  401,  as  amended;  16  U.S.C.  661  et  seq.),  in  cooperation 
with  the  Rhode  Island  Division  of  Fisheries  and  Wildlife.  A  Preliminary 
Report  on  the  Narragansett  Bay  and  Pawcatuck  Drainage  Areas  was  issued  by 
this  Service  on  October  29,  1968. 

The  local  flood  protection  project  at  Berkley  provides  for  the  construction 
of  earth  dikes  and  concrete  floodwalls  along  the  left  bank  of  the  Blackstone 
River  in  Cumberland,  Providence  County,  Rhode  Island.  The  project  would 
extend  from  river  station  280+00  (approximately  2  miles  above  Valley  Falls 
Pond)  to  river  station  320+00;  a  distance  of  about  4,000  feet.  The  plan  of 
protection  would  provide  for  construction  of  3,800  feet  of  earth  dikes, 

1,450  feet  of  concrete  floodwall,  a  pumping  station,  a  vehicular  ramp  over 
the  dike  at  Martin  Street,  a  vehicular  gate,  two  railroad  stoplog  structures, 
interior  dra.'r.age,  and  other  appurtenant  works.  The  project  would  provide 
protection  for  the  40-acre  Industrial  park  located  on  the  east  bank  of  the 
Blackstone  River.  The  dikes  in  general  would  have  a  top  width  of  10  feet 
and  slopes  of  2.5  on  1  both  landslde  and  riverside.  Slope  protection  will 
consist  of  15  inches  of  protection  stone  on  12  inches  of  gravel  bedding  on 
the  riverside  and  6  inches  of  seeded  topsoil  on  the  landslde.  The  dike 
will  be  16  feet  high  and  3,800  feet  long. 

The  floodwall  will  be  an  I-type  floodwall  with  sheet  piling  cut-off  for 
seepage  control.  The  height  of  the  wall  along  the  river's  edge  would  be 
approximately  16  feet.  The  1,450  feet  of  concrete  X-type  concrete  flood- 
wall  would  be  constructed  along  the  river  face  of  the  existing  42-inch 
sanitary  sewer  main  with  transition  changes  at  each  end  to  earth  dikes. 
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A  puntping  station ,  for  discharge  of  Interior  drainage,  seepage,  and  in¬ 
dustrial  wastewater  will  be  located  at  the  downstream  side  of  the  Martin 
Street  Bridge. 

The  area  of  the  proposed  dike  consists  of  industrially-zoned  land  located 
along  and  adjacent  to  the  Blackstone  River.  The  40-acre  tract  to  be  pro¬ 
tected  is  primarily  devoted  to  industrial  buildings,  roadways,  and  parking 
lots.  Those  areas  not  occupied  by  the  various  industries  and  commercial 
operations  consists  of  open  fields  having  a  cover  of  grass.  Riparian  vege¬ 
tation,  approximately  8  acres,  is  primarily  native  grasses  with  a  sparse 
fringe  of  oak,  sycamore,  and  birch  trees  with  blackberries  and  shrubs  inter¬ 
spersed.  An  area  at  the  rear  of  the  Health-Tex  building  is  occupied  by  a 
thick  cover  of  birch,  blackberries,  and  native  grasses. 

While  not  overly  significant  this  riparian  vegetation  does  provide  habitat 
for  wildlife  within  an  urban-industrial  setting.  Wildlife  species  such 
as  pheasant,  woodcock,  cottontail  rabbit,  woodchuck,  and  a  variety  of 
songbirds  may  be  found  within  the  project  area. 

The  Blackstone  River  currently  supports  a  warmwater  fish  population  which 
has  a  low  recreational  value  due  to  pollution.  Principal  fish  species  in 
the  project  vicinity  Include  goldfish,  white  suckers,  and  common  sunfish. 

With  pollution  reduction  and  restoration  of  freshwater  fisheries  potential, 
the  lower  Blackstone  could  support  a  warmwater  fishery  based  upon  large- 
mouth  base,  chain  pickerel,  and  possibly  northern  pike.  With  extensive 
access  and  a  return  of  alewlfe  and  possibly  shad,  the  lower  river  fishery 
could  be  expanded  many  fold. 

The  project  is  not  expected  to  have  a  significant  Impact  upon  fishery 
resources.  However,  construction  of  the  flood  protection  dike  and  I-walls 
will  destroy  approximately  8  acres  of  riparian  wildlife  habitat. 

In  summary,  the  project,  as  planned,  affords  no  outstanding  benefits  to 
fish  or  wildlife.  In  general,  due  to  the  urban  character  of  the  area 
and  the  low  fishery  values  because  of  pollution,  the  project  will  have 
no  severe  adverse  impact  upon  fish  and  wildlife  resources.  Commitments 
of  fish  and  wildlife  resources  are  limited  to  the  loss  of  streambank  vege¬ 
tation  and  associated  wildlife  displaced  by  the  dike  and  floodwall  structures. 

No  feasible  method  for  direct  prevention  of  the  anticipated  loss  of  rip¬ 
arian.  habitat  appears  possible  without  altering  the  planned  design  and 
operation  of  the  project.  However,  possibilities  for  mitigation  of  some 
losses  are  evident.  Planting  the  landslde  face  of  the  dike  with  vegeta¬ 
tive  species  valuable  to  wildlife  would  be  effective  in  mitigating  antici¬ 
pated  damages.  Ground  cover  plants  of  value  to  wildlife  of  the  area 
would  be  white  clove  and  reed  canary  grass,  or  a  commercial  forage  mixture 
containing  red  clover,  alsike  clover,  timothy  and  red  top  known  to  seed 
outlets  as  "Forage  Mixture  1  and  2."  Desirable  shrubs  for  the  area  would 
be  autumn  olive  or  fragrant  sumac.  Assuming  public  access  is  assured. 
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this  measure  will  provide  an  area  for  bird  watchers,  wildlife  photographers, 
naturalists,  and  school  children  with  an  opportunity  to  observe  wildlife 
without  requiring  extensive  travel. 

In  the  future,  with  pollution  reduction,  the  quality  of  water  within  the 
Blackstone  River  will  be  improved  to  meet  the  biological  requirements  of 
fish  native  to  the  Blackstone  Basin.  With  revival  of  this  fishing  oppor¬ 
tunity,  fishermen  from  Berkley,  Cumberland,  and  the  Blackstone  Basin,  as 
a  whole,  will  be  in  need  of  streambank  access. 

There  is  opportunity,  in  connection  with  the  construction  of  the  dike  and 
floodwall  which  parallels  the  river,  to  contribute  to  development  and 
utilization  of  future  fishery  resources.  Provision  of  public  access  and 
use  of  the  project  rights-of-way,  and  modification  of  the  project  and 
improvement  to  include  a  canoe  and  cartop  boat  launching  facility  would 
insure  maximum  project  benefits. 

Average  annual  fisherman  use  would  be  approximately  3,800  fisherman  days 
with  an  average  annual  equivalent  value  of  $3,700. 

We  estimate  that  the  parking  space  required  for  those  actually  fishing 
at  peak  periods  will  require  1.0  acre  of  area  in  order  to  accommodate 
bank  and  boat  fishermen.  It  may  be  possible  through  use  agreements  to 
utilize  existing  parking  space  provided  by  industries  within  the  indus¬ 
trial  park. 

Benefits  from  the  proposed  fishermen  access  would  not  be  realized  until 
pollution  reduction  is  achieved  and  fisheries  management  programs  are 
Implemented.  In  the  Interim,  canoests  and  others  who  desire  to  float 
the  river  will  benefit  from  the  access  and  launching  facility. 

Therefore,  the  U.S.  Fish  ana  Wildlife  Service  recommends  that: 

(1)  Public  access  and  use  of  project  rights-of-way  along 
the  Blackstone  River,  except  areas  reserved  for  reasons 
of  safety  of  the  public  or  project  operation,  be  provided. 

(2)  The  landslde  face  of  the  dike  be  planted  with  vegetative 
species  valuable  to  wildlife. 

(3)  At  least  one  canoe  and  cartop  boat  launching  facility 
and  parking  area  be  provided. 

We  do  not  plan  to  mako  additional  studies  of  this  project  nor  prepare 
any  additional  reports  unless  the  project  plan  involves  improvements  and 
methods  different  from  those  described  above. 


Date  signed:  September  22,  1977 


Fred  Benson 
Project  Manager 


Gordon  E.  Beckett 
Supervisor 
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SOCIAL  WELL-BEING  COMPONENTS 


INTRODUCTION 

The  other  social  effects  account  includes  project  effects 
traditionally  termed  intangible.  According  to  the  Water  Resources 
Council's  Principles  and  Standards,  a  project's  effect  on  social  well¬ 
being  is  best  described  in  terms  of  its  effects  on  health,  safety,  and 
community  well-being,  effects  on  educational,  cultural,  and  recreational 
opportunities,  and  some  indication  of  the  probability  a  project  would 
cause  community  disruption  or  injurious  displacement  of  people. 

Reducing  the  risk  of  flooding  in  the  Blackstone  River  Basin  has  been 
the  major  objective  throughout  the  progress  of  this  study.  Many 
alternatives  were  dropped  from  consideration  when  their  contribution  to 
this  objective  was  not  sufficient  to  warrant  further  study.  Because  few 
alternatives  met  the  planning  objective,  as  well  as  planning  constraints, 
only  one  problem  area  remains  which  is  feasible  for  additional  study. 

This  area  is  the  Berkeley  project  area  in  Cumberland,  Rhode  Island, 
covering  approximately  70  acres  occupied  by  the  Berkeley  Industrial  Park, 
a  town  of  Cumberland  Pumping  Station,  and  a  recreational  playing  field. 
Since  this  is  the  only  area  receiving  consideration  for  flood  control 
measures,  other  isolated  locations  within  the  river  basin  would  still  face 
flooding  threats.  While  wetland  protection  laws,  flood  plain  zoning,  and 
the  National  Flood  Insurance  Program  would  constrain  development  in  the 
flood  plain,  new  development  within  the  drainege  basin  could  increase  the 
flood  risk  in  some  of  these  areas.  Future  losses  without  a  project  have 
been  estimated  and  are  displayed  in  Table  6-1  and  presented  in  Appendix  7 
in  greater  detail. 

THE  BERKELEY  PROJECT  AREA 


As  provided  in  Appendix  4,  there  are  two  alternatives  that  are  being 
considered  for  flood  protection  for  the  Berkeley  project  area.  These 
alternatives  include  one  structural  alternative  and  one  nonstructural 
alternative  which  are  compared  to  the  without  project  condition  to  derive 
the  impacts  specific  to  each  alternative. 

Project  impacts  in  the  context  of  the  other  social  effects  account 
can  be  classified  as  beneficial  or  adverse  in  their  contribution  to  the 

I 

national  objectives,  short  or  long  term  in  their  duration,  construction  or 
post-construction  related  depending  on  their  timing.  Some  effects  can 
have  both  a  beneficial  and  adverse  dimension  which  often  depends  on  an 
individual's  perception. 

The  Berkeley  project  area  consists  of  70  acres  along  the  Blackstone 
River  in  Cumberland,  Rhode  Island.  This  area  is  occupied  by  three 
industrial  establishments  of  the  Berkeley  Industrial  Park:  Roger  Williams 
Foods,  Health  Tex,  Incorporated,  and  the  Okonite  Company  which  are  subject 
to  substantial  flood  damage.  Some  of  these  establishments  have 
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EXPECTED  ANNUAL  LOSSES  ON  MAINSTEM 
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expanded  their  facilities  as  recently  as  the  early  1970' s  and  account  for 
a  considerable  portion  of  the  manufacturing  employment  in  Cumberland. 

Berkeley  Oval  Park  containing  a  town-owned  baseball  field  and  a 
softball  field  lies  between  Martin  Street  and  Health  Tex,  Incorporated 
within  the  immediate  project  impact  area.  This  recreational  facility 
fills  an  important  role  in  a  growing  community  of  limited  recreational 
resources.  Adjacent  to  this  site  is  a  Municipal  Water  Works  Pumping 
Station. 

There  are  several  acres  of  vacant  or  underused  land  withing  the 
industrial  park  for  which  development  requests  have  been  turned  down  by 
the  Rhode  Island  Department  of  Natural  Resources  since  the  land  is  lacking 
flood  protection. 

Cumberland  is  under  the  regular  phase  of  the  National  Flood  Insurance 
Program  (NFIP)  within  the  Federal  Emergency  Management  Agency  (FEMA). 
Acceptance  into  the  regular  phase  indicates  that  Cumberland  has 
established  flood  plain  zoning  laws  which  restrict  development  in  flood 
plain  areas,  including  this  one  in  Berkeley. 

SPECIAL  CONSIDERATIONS 


In  addition  to  the  industrial  establishments  needing  flood 
protection,  there  are  other  facilities  located  within  this  area  that  are 
of  particular  concern  because  of  the  existing  flood  risk.  These  include 
the  Blackstone  Valley  Sewer  Interceptor,  the  Providence  and  Worcester 
Railroad,  and  the  Cumberland  Water  Works. 

A  42-inch  trunk  sewerline  extending  from  Lonsdale  to  Woonsocket  was 
completed  in  1970.  The  line  has  interceptors  at  Ashton  serving  Lincoln 
and  Smithfield  and  another  at  Valley  Falls  which  serves  all  of  Cumberland 
below  Interstate  295.  Most  of  the  pipeline  was  laid  along  the  riverbanks 
and  is  almost  entirely  in  the  flood  plain.  As  part  of  construction 
specifications,  precautions  were  taken  to  protect  this  line  from 
infiltration  and  breakage,  but  a  flood  greater  than  a  100-year  event  would 
probably  damage  the  line. 

The  Blackstone  Valley  Chamber  of  Commerce  has  expressed  particular 
concern  over  the  sewerline  and  has  indicated  that  a  broken  or  destroyed 
sewerline  could  cause  40  industries  tied  into  the  system  to  close  down. 
Damage  to  the  sewerline  could  result  in  the  spreading  of  raw  sewage  over 
the  flood  plain  downstream. 

Correspondence  between  the  Corps  and  the  Providence  and  Worcester 
Railroad  Company  during  the  progress  of  this  study  emphasizes  the  great 
concern  over  the  threat  of  flooding  to  the  existence  of  the  railroad.  The 
correspondence  suggested  that  without  a  flood  control  plan  for  the 
railroad,  a  flood  would  hurt  the  economy  of  two  large  cities,  namely, 
Worcester,  Massachusetts,  and  Providence,  Rhode  Island,  and  would  be 
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devastating  to  the  Blackstone  Valley  and  the  railroad  itself.  The  time  it 
would  take  the  railroad  to  recover  from  a  major  overflow  of  the  Blackstone 
would  be  astronomical,  leaving  the  customers  in  the  Blackstone  area 
without  freight  for  a  long  period  of  time.  Companies  in  the  Berkeley 
area,  including  Owens-Coming  Fiberglas  ,  Roger  Williams  Foods,  Okonite 
Company,  and  Peterson/Puritan,  Incorporated,  would  lose  approximately  40 
cars  of  freight  on  the  average  of  a  6-day  period.  This  does  not  take  into 
consideration  the  companies  that  would  lose  freight  above  and  below  the 
Blackstone  area.  Loss  of  raw  material  supplies  to  certain  industrial 
establishments  for  an  extended  period  of  time  may  cause  facilities  to  shut 
down  and  result  in  lost  wages  to  employees.  Although  protection  in  the 
Berkeley  area  would  not  reduce  the  risk  of  track  washout  north  and  south, 
it  would  reduce  overall  damages. 

The  Cumberland  Water  Works  maintains  a  water  supply  well  which  is 
located  on  the  property  next  to  the  recreational  field.  During  a  flood 
eve-.tt  the  pumping  station  may  shut  down  resulting  in  an  overall  decrease 
of  water  supply  for  Cumberland  for  the  period  until  pumping  could  be 
restored.  There  is  a  possibility  also  that  floodwaters  could  contaminate 
the  water  supply. 

THE  STRUCTURAL  ALTERNATIVE 


Effects  on  Health,  Safety,  and  Community  Well-Being 

The  major  objective,  reducing  flood  risk  in  this  Industrial  area, 
would  be  met  by  the  construction  of  dikes  and  walls.  The  project, 
however,  would  raise  the  flood  stage  upstream  and  increase  damages 
experienced  by  the  Owens-Corning  Fiberglass  plant  and  further  endanger  the 
single  resident  opposite  the  plant.  During  the  advance  engineering  and 
design  phase  these  damages  would  be  alleviated  or  mitigated. 

The  project  would  protect  the  three  industrial  establishments,  which 
are  subject  to  substantial  flood  damage,  and  would  protect  employee  wages 
that  would  be  lost  with  a  plant  shutdown  during  a  flood  event. 

The  earthen  dike  would  protect  from  washout  the  existing  Blackstone 
Valley  Sewer  Interceptor,  which  is  on  the  edge  of  the  river  and  partially 
above  grade  within  its  own  protective  embankment.  The  dike  would  also 
permit  safe  operation  of  the  Cumberland  well  water  supply  during  standard 
project  flood  conditions. 

Dike  placement  would  prevent  the  inundation  of  a  section  of  the 
Providence  and  Worcester  Railroad  tracks  within  the  limits  of  this 
project.  Railroad  operations  during  major  floods  would  still  be 
restricted  due  to  inundation  of  rail  sections  at  various  upstream  and 
downstream  locations. 

The  primary  neighborhood  impact  would  result  from  truck  travel  along 
the  access  route  between  the  site  and  the  source  of  material  for 
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construction.  The  most  likely  access  route  would  follow  a  mile-long 
segment  of  Mendon  Road  through  residential  areas  north  of  the  project  site 
to  Route  1  or  Route  95.  In  addition  to  generating  high  noise  levels,  slow 
moving  trucks  would  interfere  with  traffic  flow.  The  construction 
activities  would  raise  the  levels  of  air,  noise,  and  dust  pollution. 
However,  these  impacts  are  temporary  and  would  prevail  only  during  the 
construction  period. 

Effects  on  Educational,  Cultural,  and  Recreational  Opportunities 

Construction  activities  involved  with  the  Berkeley  Local  Protection 
Project  would  negatively  impact  the  Berkeley  Oval  Park.  During 
Construction,  there  would  be  measurable  disruption  to  the  park  area,  since 
it  is  immediately  adjacent  to  both  the  proposed  dikes  and  to  the  major 
access  road,  Martin  Street.  Heavy  equipment  and  truck  operations  required 
for  construction  of  the  4,000-foot  dike  would  generate  dust,  diesel  fumes, 
and  high  noise  levels.  It  is  possible  that  the  park  would  be  unusable 
during  the  construction  period  and  could  be  taken  in  temporary  easement 
for  movement  and  storage  of  construction  materials  and  equipment. 

The  relocation  of  the  access  road  to  Health  Tex,  Incorporated  from 
Martin  Street  would  permanently  remove  a  corner  of  the  park  from 
recreational  use.  Relocation  of  the  access  road  to  another  location  may 
be  investigated  when  the  study  proceeds  to  Phase  I,  General  Design 
Memorandum.  While  the  project  would  provide  flood  protection  to  the 
remainder  of  the  park,  it  might  also  lead  to  pressure  to  develop  this 
parcel  for  industrial  use,  since  without  the  flood  threat,  its 
attractiveness  for  other  uses  would  be  enhanced. 

Since  no  social  and  cultural  facilities  (churches,  clubs,  etc.)  are 
located  in  the  immediate  vicinity  of  the  proposed  project,  no  such 
facilities  would  be  directly  affected.  Since  the  proposed  actions  would 
induce  few  land  changes  or  alter  demographic  trends,  the  project  would 
have  no  significant  impacts  on  either  the  social  characteristics  of  the 
resident  population  or  its  demand  for  social  and  cultural  facilities. 

Effects  on  Community  Growth/Future  Land  Use  Development 

With  implementation  of  the  Berkeley  project,  several  vacant  acres 
lying  in  the  area  would  probably  undergo  industrial  development.  It  is 
highly  probable  that  this  development  would  be  realized  since  local 
interest  in  industrial  development  is  pronounced  and  the  area  is  both 
sewered  and  planned  for  nearly  full  Industrial  development.  New 
development  would  bring  additional  jobs  as  well  as  Increased  traffic  into 
this  area. 

The  upstream  limits  of  the  dike  would  extend  onto  property  that  would 
possibly  be  used  by  the  Owens-Corning  plant  for  expansion.  Although 
Owens-Corning  has  no  Immediate  plans  for  expansion,  past  additions  have 
left  this  the  last  direction  in  which  to  expand.  The  presence  of  the  dike 
would  negate  development  in  this  area. 


THE  NONSTRUCTURAL  ALTERNATIVE 


Effects  on  Health,  Safety,  and  Community  Well-Being 

The  nonstructural  measures  utilized  in  this  alternative  include 
waterproofing,  small  walls,  and  warning.  Roger  Williams  Foods,  Health 
Tex,  Incorporated,  the  Okonite  Company,  and  the  town  pumping  station  would 
be  waterproofed.  Walls,  approximately  6  to  7  feet  would  be  placed  around 
the  loading  dock  areas  of  Roger  Williams  Foods  and  Health  Tex, 
Incorporated.  Although  no  direct  losses  would  be  experienced  from  damages 
to  buildings  or  contents  during  a  100-year  event,  indirect  losses  would 
include  lost  business  and  wages.  The  sower  interceptor  and  the  railroad 
tracks  would  not  receive  protection. 

Although  this  alternative  considers  nonstructural  or  nontraditional 
measures,  it  involves  structural  activities.  The  effects  of  wall 
construction  would  be  similar  to  the  effects  of  construction  of  the  local 
protection  project,  including  increased  dust,  diesel  fumes,  and  noise 
levels,  and  some  increase  in  heavy  truck  traffic  on  local  roads. 

Effects  on  Educational,  Cultural  and  Recreational  Opportunities 

No  protection  would  be  provided  for  the  Berkeley  Oval  Park  under  this 
alternative.  However,  placement  of  walls  around  the  Health  Tex, 
Incorporated  loading  area,  which  lies  adjacent  to  the  park,  would  have 
some  temporary  effects. 

Effects  on  Community  Growth/Futnre  Land  Use  Development 

The  nonstructural  alternative  would  not  provide  protection  for  the 
vacant  land  lying  in  the  industrial  park.  Vacant  land  falls  under  the 
flood  plain  zoning  regulation  as  established  by  Cumberland  as  part  of  its 
acceptance  into  the  regular  phase  of  the  National  Flood  Insurance  Program. 

A  brief  comparison  of  the  structural  and  nonstructural  plans  shows 
that  Plan  A  provides  a  higher  level  of  protection  than  Plan  B.  (Plan  A 
provides  protection  against  the  SPF  event;  Plan  B  provides  protection 
against  a  100-year  event.)  Plan  A  provides  more  extensive  protection. 

Plan  A  not  only  protects  the  three  industrial  establishments,  Roger 
Williams  Foods,  Health  Tex,  Incorporated,  and  the  Okonite  Company,  and  the 
Cumberland  pumping  station  that  would  be  protected  in  Plan  B,  but  it  also 
protects  the  Berkeley  Oval  Park,  the  Providence  and  Worcester  Railroad, 
and  the  Sewer  Interceptor.  Although  Plan  B  doep  reduce  the  structural 
damages,  employees  would  still  be  unable  to  reach  the  plant  during  a  flood 
event.  However,  depending  upon  dike  alignment,  Plan  A  may  take  away  some 
of  the  recreational  area,  whereas  Plan  B  would  leave  the  park 
undisturbed.  Plan  A  would,  though  protecting  vacant  land  in  the 
industrial  park,  and  eliminating  the  100-year  flood  plain,  make  the  vacant 
acreage  available  for  development.  Plan  B,  however,  would  protect  only 
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flooding.  Plan  B  is  implementable  in  about  half  the  time  as  Plan  A. 
Another  drawback  to  Plan  A  is  that  it  increases  the  flood  risk  upstream  at 
the  Owens-Corning  plant. 

CULTURAL  RESOURCES 

Correspondence  with  the  Rhode  Island  Historical  Preservation 
Commission  indicates  that  the  only  significant  cultural  resource  which  may 
be  affected  by  the  flood  dike  alternative  of  this  project  is  the 
Blackstone  Canal,  which  is  listed  on  the  National  Register  of  Historic 
Places. 

The  Blackstone  Canal  was  built  in  1828  and  operated  until  1867. 

Though  portions  of  it  have  been  obliterated  in  urbanized  areas, 
considerable  stretches  remain  along  rural  portions  of  the  river  in 
southern  Massachusetts  and  Rhode  Island. 

The  canal  segment  near  the  proposed  project  area  is  on  the  west  bank 
of  the  river,  in  the  town  of  Lincoln,  Rhode  Island.  It  extends  from  the 
remains  of  a  cut  stone  lock  basin  of  the  Ashton  Dam  to  another  lock  site 
with  a  modern  concrete  overflow  structure  approximately  7,000  feet 
downstream.  The  canal  towpath  is  between  the  canal  and  river,  and 
consists  of  an  earthbank  reinforced  in  some  places  with  dry  laid 
fieldstone  retaining  walls.  The  canal  is  usually  kept  full  of  water,  but 
floods  have  breached  the  towpath  several  times  in  the  past.  This  occurred 
most  recently  during  January  1979,  when  a  section  of  towpath  washed  out 
below  the  Martin  Street  Bridge,  draining  the  canal.  Several  areas  above 
the  bridge  were  also  weakened  at  that  time.  The  breach  is  now  patched  and 
the  canal  has  refilled. 

The  Preservation  Commission  has  requested  a  study  of  the  potential 
for  dikes  on  the  east  bank  of  the  river  increasing  erosion  of  the  towpath 
during  flood  stages.  If  the  flood  dike  alternative  proceeds  to  further 
design  phases,  the  possibility  of  such  erosion  will  be  analyzed  further. 
The  nonstructural  and  without  condition  alternatives,  by  their  nature,  are 
expected  to  have  no  effect  upon  significant  cultural  resources. 
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APPENDIX  7  -  ECONOMICS 


INTRODUCTION 

This  appendix  contains  the  details  of  the  costs  and  benefits  of 
the  proposed  alternatives  with  an  explanatory  rational. 

The  primary  purpose  of  an  economic  analysis  is  to  provide 
tangible  economic  justification  of  proposed  improvements.  A 
project's  degree  of  justification  can  be  determined  by  comparing 
the  equivalent  annual  charges  of  the  project's  costs  with  an 
estimate  of  equivalent  average  annual  benefits  that  would  be 
realized  over  the  life  of  the  project. 

Project  costs  and  benefits  are  referenced  to  a  common  time  basis. 

The  value  given  to  benefits  and  cost  at  their  time  of  accrual  are 
made  comparable,  timewise,  by  conversion  to  an  equivalent  time 
using  an  appropriate  interest  rate.  The  current  approved 
interest  rate  applicable  to  public  projects  is  7-3/8  percent. 

Flood  control  projects  Investigated  afford  varying  degrees  of 
protection;  therefore,  the  physical  lives  also  vary  from  20  to  100 
years.  Operation  and  maintenance  costs  are  incurred  each  year. 

Standard  Corps  of  Engineers  procedures  were  used  to  develop  costs 
and  benefits.  Costs  include  estimates  of  the  value  of  all  goods 
and  services  used  to  construct,  operate  and  maintain  a  project. 
Benefits  involve  estimates  of  flood  damages  prevented  and  other 
values  created.  The  primary  benefit  is  the  reduction  of  flood 
damages,  which  a  project  accomplishes  by  protecting  homes,  busi¬ 
nesses  and  other  establishments  in  the  flood  plain. 

Appendix  7  consists  of  two  major  parts.  First  the  entire  length 
of  the  Blackstone  River  was  examined  with  particular  attention 
paid  to  flood  prone  areas.  Plans  of  protection  for  these  areas 
were  evaluated  on  the  basis  of  lnnundation  reduction  benefits 
versus  project  cost.  A  benefit-to-cost  ratio  near  or  greater 
than  one  was  required  for  further  investigation.  Part  two 
consists  of  an  In-depth  economic  analysis  of  the  only 
site  to  display  a  positive  benefit-to-cost  ratio,  the  Berkeley 
Industrial  Park.  In  addition  to  estimating  the  lnnundation  reduction 
benefit  for  the  structural  plan,  a  complete  benefi-  analysis  was 
performed  for  non-structural  flood  control  measures. 
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EXTENT  AND  CHARACTER  OF  FLOODING 


Experienced  1955 

The  flood  of  record  for  the  Blackstone  River  1b  the  August  1955 
flood  which  caused  daaage  along  Boat  of  the  river's  course*  Peek 
discharges  that  were  nearly  twice  the  magnitude  of  (any)  others  expe¬ 
rienced  on  the  river  were  produced  during  this  stora.  The  flood 
resulted  froa  record  rainfall  accompanying  hurricane  "Diane”  falling 
on  ground  previously  saturated  by  the  precipitation  of  hurricane 
"Connie,"  which  had  occurred  only  one  week  earlier.  At  Oxbridge, 
Mass.,  the  1955  flood  washed  out  the  Rice  City  Pond  Daa,  daaaged  a 
woolen  mill  and  caused  highway  washouts.  In  Cumberland,  Rhode 
Island,  industrial  and  urban  (commercial  and  residential)  losses 
were  inflicted.  The  flood  losses  in  Lincoln,  Rhode  Island  were 
largely  in  the  industrial  sector.  The  Lonsdale  area  (in  both 
Cumberland  and  Lincoln)  was  subjected  to  severe  industrial  and 
commercial  destruction,  through  Central  Falls  and  Pawtucket,  flood 
damage  was  most  pronounced  on  the  right  bank  of  the  Blackstone.  The 
commercial  area  of  Pawtucket  in  the  vicinity  of  Roosevelt  and  Main 
Street  was  the  primary  damage  site  while  Central  Falls  experienced 
alxed  urban  and  industrial  losses. 

Damage  Surveys 

NED  daaage  analysts  conducted  field  surveys  following  the  August 
1955  flood.  The  surveys  consisted  of  the  appraisal  of  dollar 
damages  to  lands  and  structures  in  the  fora  of  losses  by  stage  in 
feet  referenced  to  the  record  flood  crests  froa  hurricane  "Diane." 
Damage  appraisal  was  assisted  by  the  cooperation  of  local  officials 
and  property  owners  and/or  managers  who  pointed  out  highwater  marks 
and  provided  estimates  of  experienced  dollar  damages.  An  additional 
daaage  survey  was  conducted  in  1963  and  updated  in  1975  to  account 
for  flood  plain  development.  A  final  field  survey  check  was  accom¬ 
plished  in  1979  to  determine  final  interia  changes  in  potential 
damages  that  would  result  froa  any  altered  utilisation  of  the  lands 
within  the  flood  plain.  Information  gathered  in  the  flood  daaage 
surveys  provides  the  stage  (elevation)  at  which  daaage  begins  for 
each  property  as  the  lower  limit  and  an  estimate  of  potential  daaage 
three  feet  above  the  flood  crest  of  record  (1955)  as  the  upper 
limit.  Damage  estimates  are  also  made  for  the  intermediate  stages, 
in  one  foot  increments,  between  these  limits.  This  results  in  an 
array  of  potential  damages  for  each  stage  froa  ten  feet  below  to 
three  feet  above  the  1955  flood. 

Damage  Zones 

The  daaage  sones  are  delineated  utilising  hydrologic  data  developed 
at  specific  index  stations  on  the  Blackstone  River.  These  index 
stations  effectively  partition  the  river  into  sones  which  share 
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hydrologic  characteristic*.  The  etretch  of  river  which  constitute* 
anyone  of  these  zones  is  then  considered  together  with  the  land 
area  along  its  banks.  Delineation  of  the  55  flooding  is  utilised 
to  circumscribe  the  land  area  belonging  to  a  given  one.  Designation 
of  the  damage  zone  by  hydrologic  zone  number  (previously  assigned) , 
index  station  name,  and  a  definite  description  completes  the 
process.  Table  7-1  of  this  Appendix  shows  the  zones  in  question. 

Recurring  Losses 

Recurring  losses  are  those  potential  damages  which  are  expected  to 
occur  at  various  flood  stages  under  present-day  development.  Expe¬ 
rienced  losses,  are  those  which  actually  occurred  during  the  1955 
event.  Factors,  in  addition  to  flood  plain  development,  which  make 
recurring  losses  unique  are;  riverbed  change,  local  improvement 
projects,  and  upstream  storage  reservoirs.  Flood  loss  information  in 
this  study  was  aggregated  into  six  land  use  categories;  rural,  urban 
(residential  and  commercial),  industrial,  railroad,  highway  and 
utility.  The  damage  survey  evaluated  physical  damages  to  struc¬ 
tures,  contents  and  machinery  and  stock  as  well  as  non-physical 
losses  such  as  cost  of  temporary  shelter  and  subsistence  and  the 
uncoverable  loss  of  business  revenue  and  wages.  Table  7—2  exhibits 
recurring  losses,  by  damage  zone,  for  the  basin  study  area,  at  the 
present  day  level  of  development  at  the  June  1981  price  level. 

Potential  recurring  losses  were  not  enumerated  for  Zones  0,  1,  2,  3 
and  8,  due  to  the  Implementation  of  the  Worcester  diversion  project. 
Completed  and  put  into  operation  in  1960,  this  facility  Insures  that 
flood  damages  in  the  above  five  zones  in  Worcester  will  be  greatly 
reduced  or  eliminated. 

Damages  also  were  not  analyzed  in  Zone  8  (Blackstone,  Mass.,  and 
North  Smlthfield  and  Upper  Woonsocket,  Rhode  Island)  for  the  fol¬ 
lowing  reasons.  There  appears  to  be  no  significant  damage  po¬ 
tential  remaining  in  the  Blackstone  and  North  Smlthfield  because  the 
profile  of  the  recurring  1955  flood  has  been  lowered  through  this 
reach  by  as  much  as  10  feet  due  to  channel  improvements  and  opera¬ 
tion  of  the  West  Hill  Dam  (completed  1961).  The  Upper  Woonsocket 
Local  Protection  Project,  completed  in  1959,  virtually  eliminates 
recurring  damages  in  Woonsocket  upstream  of  the  former  Hamlet  Dam 
Index  Station  (Sta.  699  +  00).  The  lower  Woonsocket  Local  Protec¬ 
tion  works,  completed  in  1966,  almost  entirely  eliminates  the 
possibility  that  the  river  will  overrun  its  banks  in  the  Woonsocket 
area  of  Zone  9.  Damage  figures  for  Zone  9  reflect  those  that  will  be 
Incurred  in  Cumberland  and  Lincoln,  Rhode  Island. 


Reference  to  Table  7-2  reveals  that  a  recurrence  of  the  1955  event 
under  present-day  development  conditions  would  result  in  total 
recurring  losses  of  roughly  $50,398,700  (June  1981  dollars). 


INDEX  STATIONS  -  DAMAGE  ZONE  LIMITS 


Table  7-3  show*  that  nearly  one-half  of  the  total  loaaea  (45.6%) 
would  occur  in  the  Induatrlal  sector.  Geographically  aonaa  4,  6  and 
9  would  sustain  the  greatest  losses,  collectively  accounting  for  70 
percent  of  total  recurring  damages . 

TABLE  7-2 

Blacks tone  River  Study  Area 
Total  Recurring  Losses,  June  1981  Price  Level 
Referenced  to  1 §53 “Flood  Crest 
Present-Day  Development  Conditions 


Damage  Zone 


Total  Recurrin 
Damages 


Percent  of 
Total  Losses 


Zone  4  $10,867,800 

Zone  5  4,761,800 

Zone  6  10,657,000 

Zone  7  5,159,700 

Zone  9  13,391,600 

Zone  10  5,560,800 

TOTAL  $50,398,700 

TABLE  7-3 

Blackstone  River  Study  Area 
Percentage  Breakdown  of  Recurring 
Losses  by  Damage  Category 


Rural 

Urban* 

Industrial 

Railroad 

Highway 

Utility 


Zone  4 

Zone  5 

Zone  6 

Zone  7 

Zone  9 

Zone  10 

Total 

0.4% 

0.6% 

2.1% 

0 

0 

0 

0.6% 

2.1 

1.8 

24.8 

1.5 

29.4 

56.6 

20 

33.8 

44.1 

36.9 

82.5 

51.6 

37.9 

45.6 

55.1 

0.7 

0.8 

5.6 

9.2 

0 

15.1 

8.5 

52.7 

35.4 

10.4 

9.3 

3.7 

18.3 

0 

0 

0 

0 

0.5 

1.8 

0.3 

*lncludes  commercial  and  residential 


As  stated  in  the  appendix  on  Formulation,  six  areas  were  studied  as 
potential  sites  for  corrective  structural  flood  control  measures. 
These  project  areas  are;  (1)  Nipmuc  Reservoir  and  Dam,  (2)  Uxbridge 
Local  Protection,  (3)  Modification  of  Sayles  Finishing  Co. 
(Saylesvllle)  Dam,  (4)  Modification  of  Old  Slater  Mill  Dam,  (5) 
Ashton  Local  Protection,  and  (6)  Berkeley  Local  Protection,  in 
addition,  a  aeventh  study  was  undertaken  to  determine  losses  to  the 
railroad  system  in  the  basin  study  area  due  to  Its 


proximity  to  the  river  bank  for  several  miles*  The  economic 
analysis  to  follow  provides  a  brief  description  of  each  project 
to  include  location,  recurring  losses,  annual  losses,  auuial 
benefits,  annual  project  costs  and  the  beneflt-to-cost  ratio* 

Those  projects  lacking  economic  feasibility  are  reported  at  the 
June  1979  price  level.  The  economically  feasible  Berkeley  plans 
have  been  updated  to  June  1981  prices. 

Nlpmuc  Dam  and  Reservoir 

The  Nlpmuc  Dam  and  Reservoir  would  be  a  multi-purpose  reservoir 
with  both  flood  control  and  water  supply  functions.  located  in 
Burrillvllle,  Rhode  Island,  about  a  mile  north  of  the  village  of 
Graniteville,  the  overall  dam  height  would  be  90  feet  with  five 
feet  allocated  to  flood  control  purposes*  The  dam,  reservoir,  and 
buffer  tone  would  require  the  acquisition  of  approximately  1,200 
acres.  The  reservoir  would  have  the  effect  of  lowering  stages 
along  the  Branch  and  Nlpmuc  Rivers  (Zone  13}  in  Burrillvllle  and 
the  Blackstone  River  (Zones  9  and  10)  in  Cumberland  and  Pawtucket, 
Rhode  Island.  Recurring  losses  at  the  1955  flood  crest  elevation 
in  the  project  area  amount  to  approximately  $27,391,500  and  are 
distributed  geographically  as  follows: 


Percent  of 

Zone 

Recurring  Losses 

Total  Losses 

(June  1979  Price  Level) 

13 

$  357,000 

1.3Z 

9 

22,582,300 

82.4 

10 

4,452,200 

16.3 

The  combination  of  stage-damage  data  with  hydrologic  stage  fre¬ 
quency  data  for  each  of  the  three  zones  gives  values  for  annual 
losses,  annual  benefits  and  residual  losses.  Annual  benflts  are 
determined  by  comparing  annual  losses  under  the  "without  project" 
vs.  *he  "with  project”  condition. 


Annual 

Annual 

Residual 

Zone 

Losses 

Benefits 

Losses 

13 

146,700 

72,400 

74,300 

9 

869,600 

160,100 

709,500 

10 

1,023,800 

87,400 

936.400 

TOTAL 

2,040,100 

319,900 

1,720,200 

Using  the  Separable  Cost-Remaining  Benefits  method  of  allocating 
costs  for  the  purposes  of  flood  control  and  water  supply  results  in 
annual  costs  for  flood  control  of  $386,900.  With  annual  benefits 
of  $319,900  for  flood  control,  the  benefit-to-cost  ratio  is  .8  to 
l  and  below  the  measure  of  economic  justification. 
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Oxbridge  Local  Protection 

This  local  protection  project  would  be  located  along  the  east  bank 
of  the  Mumford  River  in  Uxbridge,  Maaaachuaetta.  It  would  fora  an 
endoaure  with  dikes  and  floodwalls  to  protect  the  textile  manufac- 
turing  firm  of  Baile  Bernat  and  Sons.  Recurring  losses  which  are 
all  industrial,  at  the  1955  flood  crest  elevation  amount  to 
$3,610,700  in  June  1979  dollars.  Combining  stage-daaage  data  with 
hydrologic  stage-frequency  relationships  provides  an  estiaate  of 
annual  losses  and  benefits  to  the  local  protection  project. 
Pertinent  annual  data  with  updated  annual  costs  are: 


Annual  Losses 
Annual  Benefits 
Residual  Losses 
Annual  Costs 
Bene fit- to-Cost  Ratio 


$114,000 
102,400 
11,600 
144,700 
.7  to  1 


The  Oxbridge  Local  Protection  Project  was  not  considered  for  further 
formulation  due  to  the  lack  of  economic  justification.  In  addition, 
the  Bernat  Company  has  Implied  that  it  cannot  contribute  financially 
to  the  project  at  this  time.  The  firm  hes  developed  its  own  flood 
reduction  program  and  the  town  of  Uxbridge  has  joined  the  Flood 
Insurance  Program  (Emergency  Program). 

Saylea  Finishing  Company  Dam  Modification 

The  Sayles  Dam  Hodlficatlon  Project  area  is  located  in  Central  Falls, 
Rhode  Island,  approximately  80  feet  downstream  from  the  Broad  Street 
Bridge.  The  plan  of  protection  would  provide  for  modifying  the 
existing  dam  by  lowering  and  replacing  the  present  dam  crest  with 
bascule  type  gates.  Recurring  losses  in  June  1979  dollars  at  a 
repeat  of  the  1955  flood  crest  total  $656,900.  Damages  are  heaviest 
on  the  left  bank  where  8  industrial  properties,  11  commercial  estab¬ 
lishments,  public  housing,  a  bridge,  waterworks,  and  bank  erosion 
account  for  $612,200  in  losses.  On  the  right  bank  losses  to  a 
bridge,  one  industrial  building,  2  public  buildings  and  river 
bank  erosion  total  $44,700.  The  combination  of  stage-damage  data 
with  hydrologic  stage  frequency  data  results  in  the  following  annual 
values • 


Annual  Losses 
Annual  Benefits 
Residual  Losses 
Annual  Costs 
Beaefit-to-Cost  Ratio 


$  66,200 
61,100 
5,100 
$127,500 
.5  to  1 


The  above  benefit- to-cost  ratio  indicates  that  the  Sayles  Dsm 
modification  is  not  economically  justified  at  this  time. 
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.  Old  ghtw  Mill  Pm  Modification 

Located  la  Pawtucket,  Rhode  Itutaa,  the  Old  Slater  Mill  Dea  eite  la 
historically  significant  in  that  the  Slater  Mill  was  the  first  suc¬ 
cessful  cotton  spinning  operation  in  the  Dai  ted  States*  The  proposal 
at  the  site  consists  of  the  lowering  and  replacing  of  the  present  daa 
crest  with  bascule  type  gates*  This  Modification  will  permit  passage 
of  flood  flows  equal  in  Magnitude  to  the  August  1955  flood  of  record 
thus,  preventing  backwater  flooding  of  coasMrclal  and  Industrial 
properties.  Recurring  losses  in  the  Slater  Mill  area  at  the  1955 
flood  crest  In  June  1979  prices  anount  to  $3,820,300.  The  bulk  of 
the  losses  (89X)  occur  on  the  right  bank  to  the  following  properties: 
four  industrial  structures,  an  apartnent  house,  a  parking  lot,  the 
City  Hall,  and  Slater  Mill  plus  ancillary  facilities.  Left  bank 
dosages  of  approxlaately  $417,600  steM  from  four  Industrial  struc¬ 
tures,  five  comercial  structures  and  Pawtucket  High  School. 

Combining  stage-daaage  data  with  hydrologic  stage-frequency  data 
results  in  the  following  annual  values. 


Annual  Losses  $591,200 
Annual  Benefits  350,300 
Residual  Losses  240,900 
Annual  Costs  470,600 
Beneflt-to-Cost  Ratio  .7  to  1 


The  less  than  unity  benefit-to-cost  ratio  indicates  that  the  Old 
Slater  Mill  Dsn  Modification  Project  Is  not  economically  justified  at 
present. 

Ashton  Local  Protection 

Located  along  the  easterly  bank  of  the  Blackstone  River  in  Cumber¬ 
land  Rhode  Island,  the  project  would  consist  basically  of  an  earth 
dike  and  concrete  floodwalls.  The  plan  would  provide  protection 
against  the  Standard  Project  Flood  for  the  10  acres  of  land  within 
the  U-shaped  facility.  Recurring  losses  In  the  project  area  are  all 
industrial  and  stea  from  daaages  to  the  Owens-Coming  Fiberglass 
Company  building.  A  repeat  of  the  1955  flood  crest  in  the  Ashton 
project  area  would  result  in  recurring  losses  of  $2,860,000  at  the 
June  1979  price  level.  The  following  annual  values  result  from 
containing  stage  daasge  data  with  hydrologic  stage-frequency  data. 

Annual  Losses  $438,000 

Annual  Benefits  374,600 

Residual  Losses  63,400 

Annual  Costs  740,100 

Beneflt-to-Cost  Ratio  .5  to  1 

The  beneflt-to-cost  retio  for  the  Ashton  Local  Protection  Project 
Indicates  the  leek  of  econonlc  justification  at  this  tine.  It  should 
be  noted  that  directly  downstreaa  of  Ashton  project  aree  Is  the 
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proposed  Berkeley  Local  Protection  Project*  This  local  protection 
project  Is  located  In  close  proximity  to  the  Owens-Coming  property 
end  causes  higher  then  natural  flood  stages  to  occur.  In  the 
occurrence  of  a  flood  of  the  1955  magnitude  the  flood  stage  at 
Ownes-Coraing  would  be  Increased  by  approximately  aevenr tenths  of  e 
foot,  due  to  the  effect  of  the  Berkeley  project.  Becurrlng  loases 
would,  therefore,  rise  from  $2,860,000  to  5,120,800.  Since  the 
Berkeley  Local  Protection  Project  has  a  positive  B/C  ratio  and  the 
Ashton  project  does  not,  further  analyais  In  terms  of  Increased 
annual  losses  at  Ashton  Is  discussed  further  In  this  appendix. 

Berkeley  Local  Protection 

The  Berkeley  project  area  Is  also  located  on  the  east  bank  of  the 
Blackstone  River  In  Cumberland,  Rhode  Island.  It  Is  directly  down- 
tream  from  the  Ashton  study  area  on  property  adjacent  to  Owens- 
Comlng.  Like  the  Ashton  project,  the  Berkely  protective  works  would 
consist  basically  of  an  earth  dike  and  concrete  floodwalls.  Located 
on  the  70  acres  protected  by  the  U-shaped  facility  are  four  large 
Industrial  buildings  and  some  public  facility  and  utilities.  Re¬ 
curring  losses  at  the  1955  flood  elevation  under  present  day  develop¬ 
ment  conditions  amount  to  approximately  $28,006,800  (June  '81  P.L.). 
Industrial  losses  account  for  97  percent  of  this  total.  Annual  data 
(June  '81  P.L.)  are  as  follows: 

Annual  Losses  $918,700 

Annual  Benefits  698,100 

Residual  Losses  124,600 

Annual  Costs  517,300 

Benefit-to-Cost  Ratio  1.35  to  1 


Since  the  plan  is  economically  justified,  a  detailed  analysis  of 
benefits  and  costs  is  discussed  further  in  this  appendix.  The  non- 
structural  plans  for  Berkeley  are  also  discussed  in  detail. 

Railroad  Study 

The  main  line  of  the  Providence  and  Worcester  <allroad  runs  from 
Providence,  Rhode  Island  to  Worcester,  Massachusetts  along  the 
Blackstone  River.  Various  types  of  losses,  both  physical  and  non¬ 
physical,  would  be  incurred  by  railroad  related  facilities  In  the 
event  of  flooding.  Measures  to  reduce  or  eliminate  flood  losses  and 
benefits  accruing  to  these  measures  are  discussed  below. 

A  recurrence  of  a  storm  of  the  intensity  of  Hurricane  Mane 
(August  19,  1955)  would  result  In  extensive  damage  to  Providence  and 
Worcester  Railroad  properties  along  the  Blackstone  River.  The  prin¬ 
cipal  factor  occasioning  these  losses  would  be  streambank  erosion 
caused  by  the  high  water  flows.  Other  damage  would  occur  as  a  con¬ 
sequence  of  overland  flooding.  Physical  and  non-physical  losses  are 
to  be  expected  after  such  an  event.  The  undermining  of  roadbed 


consequent  to  bank  erosion  would  necessitate  trsekwork  estimated  to 
cost  $8,050,000  (June  1979  dollars).  Additional  physical  losses  to 
include  bridges,  culverts,  crossings  and  equipment  would  occur  in 
the  vulnerable  areas.  Accompanying  non-physical  losses  would  result 
to  car  revenues,  overtime,  car  rerouting,  and  office  and  computer 
shutdown  time.  Total  recurring  losses  are  estimated  to  be 
$13,959,000. 


Railroad  Damage 


Zones 


Towns 


4 

5 
5 
7 
9 


Millbury 
Millbury 
Grafton 
Blackstone 
Cumberland,  Lincoln 


The  combination  of  stage-damage  data  the  hydrologic  stage  frequency 
data  results  in  the  following  annual  relationships.  Annual  losses 
amount  to  $140,300.  If  complete  protection  were  afforded  to  railway 
facilities,  annual  benefits  would  be  equal  to  the  annual  loses. 
However,  due  to  the  nature  of  railroad  structures,  lesser  protection 
results  in  substantially  lower  benefits. 


Level  of  Protection 

25  Tear  Event 
50  Year  Event 
100  Year  Event 


Annual  Benefits 


$  5,800 
16,100 
38,000 


The  1955  storm  has  a  frequency  in  year  of  140  or  rarer  except  in 
Zone  9  where  it  is  approximately  90. 

Officials  of  the  Providence  and  Worcester  Railroad  were  contacted 
for  estimates  of  total  track  miles  susceptible  to  damage  from 
flooding.  Between  8  and  15  miles  of  railroad  track  would  be  damaged. 
Two  schemes  of  protection  were  designed  and  costs  estimated  for  both 
the  8  and  15  mile  lengths.  Costs  per  foot  for  Scheme  A  amount  to 
$285.00  and  $500.00  for  Scheme  B.  At  this  time,  annual  costs  are 
far  in  excess  of  annual  benefits  for  any  plan  of  protection  to  be 
justified. 


Annual 

Annual 

Benefit-to- 

Scheme/Track  Length 

Costs 

Benefits 

Cost  Ratio 

Scheme  A/8  miles 

$  802,600 

$38,000 

.05  to  1 

Scheme  B/8  miles 

1,408,000 

38,000 

.03  to  1 

Scheme  A/15  miles 

1,504,800 

38,000 

.03  to  1 

Scheme  B/15  miles 

2,640,000 

38,000 

.01  to  1 

$ 
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Summary  of  Project  Economic* 


The  following  summary  table  diaplays  the  beneflt-to-cost  ration  for 
the  seven  previously  discussed  project  areas. 

Summary  of  B/C  Ratios  for 
Potential  Projects  in  the 
Slackstone  River  Basin 


Project 

Nipmuc  Dam  and  Reservoir 
Uxbridge  Local  Protection 
Sayles  Dam  Modification 
Old  Slayter  Mill  Dam  Modification 
Ashton  Local  Protection 
Berkeley  Local  Protection 
Railroad 


Beneflt-to-Cost  Ratio 

.8  to  1 
.7  to  1 
.5  to  1 
.7  to  1 
.5  to  1 
1.35  to  1 

Range  from  .01  to  1  to  .05  to  1 


The  Berkeley  Local  Protection  Structural  Plan  is  the  only  one  economically 
justified  and  will  now  be  discussed  in  detail,  along  with  its  nonstructural 
alternative. 


EXTENT  AND  CHARACTER  OF  THE  BERKELEY  PROJECT  AREA 


The  Berkeley  area  is  located  on  the  east  bank  of  the  Blackstone 
River  in  Cumberland,  Rhode  Island.  Located  on  the  70  acre  site  are 
four  large  structures  utilized  by  two  Industrial  concerns  and  a 
commercial  distribution  firm.  In  addition,  a  municipal  pumping 
station  and  elevated  sewer  lines  are  located  on  the  site  and  the 
railroad  tracks  of  the  Providence  and  Worcester  Railroad  extend 
through  the  entire  lenghth  (See  Plate  3  for  Plan  A  in  main  report). 

Damage  Survey 

Previous  detailed  flood  damage  surveys  were  undertaken  in  the  Berkeley 
Industral  Park  following  the  flood  of  1955  and  again  in  1963  and 
1975.  Due  to  Indications  of  expansion  in  both  physical  size  of 
plant  and  level  of  operations,  a  detailed  in-depth  damage  survey  and 
analysis  was  undertaken  again  in  September  1979.  Elevations  of 
flooding  during  previous  events  and  elevations  of  the  start  of 
flooding  at  various  loations  were  ascertained  and  referenced  to  the 
record  event  (1955  flood).  On-site  inspections  of  grounds,  struc¬ 
tures,  machinery,  contents  and  inventory  were  made.  Company  profes¬ 
sionals  such  as  plant  managers,  facility  engineers,  and  comptrollers 
were  interviewed  to  obtain  data  on  previous  flooding,  current  value 
of  plant,  contents  etc.,  and  the  potential  finanaclal  Impact  of 
future  flooding.  Inquiries  were  also  made  to  determine  the  nature 
of  the  manufacturing  and/or  distribution  process  for  each  company 
and  the  resultant  impact  of  curtailment  of  these  activites  due  to 


potential  flooding*  Data  on  expansion  of  physical  capital  and  move¬ 
ments  in  levels  of  manpower  and  payrolls  since  the  last  damage  survey 
were  also  obtain.  The  end  product  of  the  damage  survey  process  was  an 
array  of  total  financial  losses  (both  physical  and  non-physical) 
beginning  at  the  elevation  at  which  damages  start  to  the  elevation 
three  feet  above  the  flood  of  record. 

Recurring  Losses 

A  recurrence  of  flooding  to  the  elevation  of  the  1955  flood  (72.49' 
NGVD)  in  the  Berkeley  project  area  under  September  1979  development 
and  activity  levels  would  result  in  losses  of  approximately 
$28,006,700.  (See  Table  7-4).  Dollar  damages  would  be  distributed 
among  the  specific  activities  in  the  following  amounts  and  magnitudes. 

TABLE  7-4 

Berkeley  Project  Area 

Recurring  Losses;  Referenced  to  1955  Flood  Crest 
(1981  Price  Level) 

Amount 
$19,747,300 
$  7,317,200 
$  95,500 

847,200 
$28,006,700 

A  large  and  Infrequent  flood  of  the  magnitude  of  the  Standard  Project 
Flood  (approximately  the  elevation  of  the  400  year  event  in  the 
Berkeley  area)  would  result  in  recurring  losses  of  approximately 
$49,914,000. 

It  is  significant  to  note  the  magnitude  of  non-physical  losses  in  the 
Berkeley  area.  The  three  companies  collectively  account  for  non¬ 
physical  losses  of  $6,018,000  at  the  flood  of  record.  Nine  hundred 
jobs  are  located  in  these  companies  with  payrolls  totalling  $249,000 
weekly  and  $13,000,000  annually.  In  addition  to  the  direct  effects 
that  flooding  would  have  on  production,  distribution,  jobs,  wages  and 
profit  in  Cumberland,  Rhode  Island,  certain  indirect  effects  to  other 
activities  in  other  locations  would  occur  due  to  the  nature  of  the 
firms  in  the  Berkeley  area.  One  commercial  firm  is  a  distributor  of 
food  throughout  Rhode  Island  and  neighboring  (few  England  states. 
Twenty-five  trailer  trucks  and  a  260,000  square  foot  warehouse  are 
utilised  in  the  distribution  operation.  The  company  is  also  under 
contract  to  the  State  Civil  Defense  Agency  as  the  emergency  flood  dis¬ 
tributor  during  periods  of  disaster.  Another  of  the  companies  manu¬ 
factures  clothing  and  utilises  one  of  the  structures  in  the  project 
area  as  a  distribution  center  for  raw  materials  which  are  transported 


Activity 

Industrial 

Coamerclal 

Public 

Railroad 

Total 


Percent 

70.5* 

26.1* 

0.3* 

3.0* 

100.0* 


to  fourteen  finishing  plants  throughout  the  country.  Since  the 
fourteen  plants  are  company  owned,  significant  layoffs  and  loss  of 
wages  and  profit  would  result  from  the  flood-induced  supply 
disruption  at  Berkeley. 

Annual  Losses  and  Benefits  -  PLAN  A 

Stage-damage  information  obtained  by  field  survey  is  combined  with 
hydrologic  stage  frequency  data  to  produce  damage- frequency  correla¬ 
tions.  The  probability  of  reaching  each  specific  flood  stage  during 
a  given  year  is  multiplied  by  the  corresponding  damage  and  the  total 
of  expected  values  resulting  in  annual  losses.  Based  on  the  1979 
level  of  development  in  the  Berkeley  area,  the  average  annual  innun- 
dation  loss  amounts  to  $918,700.  (See  Figure  7-1).  The  annual 
benefit  based  on  innundation  reduction  is  calculated  by  comparison  of 
annual  losses  without  the  project  to  residual  annual  losses  with  the 
project  in  place.  The  plan  of  protection  at  Berkeley  is  an  earthen 
dike  and  floodwalls  which  afford  protection  up  to  the  elevation  of 
the  Standard  Project  Flood.  The  elevation  of  the  SPF  approximates 
that  of  the  400  year  event  (.252)  at  76.2  NGVD.  Losses  without  the 
project,  as  previously  mentioned,  are  $918,700  and  with  the  project 
in  place  are  $124,600,  resulting  in  an  annual  gross  benefit  of 
$794,100.  It  has  been  determined,  however,  that  the  dike  at  Berkeley 
would  result  in  slightly  higher  flood  stages  at  the  adjacent  Owens- 
Corning  property  directly  upstream.  Hydrologic  computations  indicate 
that  the  increased  stage  effect  caused  by  the  Berkeley  LP  structure 
begins  at  approximately  the  40  year  event  (EL  70.0  NGVD).  At  the 
elevation  of  the  1955  event  (EL  77.0  NGVD)  the  effect  is  an  increase 
in  stage  of  0.7  feet.  Annual  losses,  at  the  SPF,  at  the  Owens- 
Coming  site  are  increased  from  $449,000  to  $545,000  due  to  the 
downstream  dike  at  Berkeley.  This  "negative  benefit”  of  $96,000  must 
be  subtracted  from  the  innundation  reduction  benefit  at  Berkeley  to 
have  a  true  measure  of  net  annual  benefit. 

Innundation  Reduction  Benefit  $  794,100 

'  Negative  Benefit  96,000 

Net  Benefit  698,100 


Future  Benefits 

Through  on-site  inspections  and  consultations  it  was  ascer¬ 
tained  that  the  project  area  is  already  intensely  developed  and 
utilized  with  vacant  Industrial  land  in  scarce  supply.  Flood  plain 
zoning  is  currently  in  force  thus  restricting  future  development 
without  a  plan.  Therefore,  no  benefits  are  expected  to  accrue  from 
future  development. 


COSTS 


> 


First  Cost  -  Plan  A 


The  eetiaete  of  First  Cost  are  for  coostructlon  of  the  project 
as  described  la  Appendix  4.  Quantities  were  estiaated  on  the 
basis  of  a  perllmlnary  design.  Unit  costs  are  based  on  February 
1981  prices.  Engineering  Design,  Supervision  and  Adainlstra- 
tlon  costs  are  estiaated  luap  sum  Iteaa  based  on  slallar  projects 
of  the  February  1981  cost  estiaates  updated  by  3  percent 
to  June  1981  using  the  Ef®:CCI  Index  are  presented  in  Table  7-5. 

Annual  Costs  -  Plan  A 


Estiaates  of  annual  costs  are  based  on  a  100-year  period  of 
analysis  and  Include  interest  paid  during  construction. 

Interest  and  amortization  charges  are  based  on  an  interest  rate 
of  7-3/8  percent.  Table  7-6  summarizes  the  estimated  annual 
costs. 
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TABLE  7-5 
PLAN  A 

FIRST  COST  -  BERKELEY  LOCAL  PROTECTION 

COSTS 


Description 


Feb.  1981  P.L. 


Lands  &  Damages  (w/Contlngency) 

Relocations  (w/Contlngency  &  EDSA) 

Levees 

Floodwalls 

Drainage 

Sluice  Gate  &  Access  Bridge 
Pumping  Station 
Swing  Gates 
Ponding  Area 

Subtotal,  excludes  L&D  &  Rel. 
Contingencies  (20Z) 

SUBTOTAL 

Engineering  &  Design  (15Z) 
Supervision  &  Administration  (10%) 
Subtotal,  excludes  L&D  &  Rel. 


$  162,960 
$  56,250 

$1,786,050 
972,000 
171,750 

20.400 
516,708 
349,870 

12.400 
$3,829,178 

765,836 

$4,595,014 

689,252 

459,501 

$5,743,767 

$5,962,977 


Increase  3Z 
Jun.  1981  P.L. 
(Rounded) 

$  168,000 

$  58,000 

$1,840,000 

1,001,000 

177,000 

21,000 

532,000 

360,000 

13,000 

$3,944,000 

789,000 

$4,733,000 

710,000 

473,000 

$5,916,000 


TOTAL  FIRST  COST,  Incl.  L&D  &  Rel 


$6,142,000 


TABLE  7-6 

BERKELEY  LOCAL  PROTECTION  PLAN  A 


ANNUAL  CHARGES 
(June  1981  P.L.) 


INVESTMENT 


Total  Plan  A  FIRST  COST  $6,142,000 

Interest  During  Construction 

7-3/8X,  2  years  453,000 


TOTAL  INVESTMENT  $6,595,000 

ANNUAL  CHARGE 

Interest  &  Amortization, 

7-3/8X,  100  years  (.07591)  $  500,600 

Maintenance  &  Operation  14,200 

Interim  Replacements  2,500 


TOTAL  ANNUAL  CHARGE  $  517,300 

The  estimated  annual  costs,  annual  benefits,  annual  net  benefits  and  the 
ratio  of  benefits  to  costs  for  the  Berkeley  Local  Protection  (Plan  A)  are 
displayed  in  Table  7-7. 


TABLE  7-7 


SUMMARY  OF  ECONOMIC  ANALYSIS  -  PLAN  A 
June  1981  Price  Level 


Average  Annual  Benefits 
Average  Annual  Costs 
Average  Annual  Net  Benefits 
Benefit-to-Cost  Ratio 


$698,100 
517,300 
$180,800 
1.35  to  1 


The  above  analysis  indicates  that  the  plan  of  improvements  to  provide 
structural  flood  protection  to  the  Berkeley  Industrial  Park  is  economically 
justified. 


Internal  Rate  of  Return 


In  accordance  with  the  WRC  Manual,  a  specific  check  should  be  Included 
In  a  flood  control  report*  The  Internal  rate  of  return  Is  the  rate 
of  Interest  at  which  benefits  equal  costs  over  the  period  of  analysis 
(i.e.,  the  benefit  to  cost  ratio  equal  1.0).  The  rate  of  Interest 
used  In  the  computation  of  benefits  and  costs  was  7-3/8%  and  the 
project  life  or  period  of  analysis  numbered  100  years. 

Annual  Cost  “  $517,300 
Annual  Benefit  *  $698,100 

Allowing  the  annual  cost  to  rise  to  the  level  of  annual  benefits  is 
performed  by  solving  for  the  appropriate  capital  recovery  factor  and 
ascertaining  the  corresponding  interest  rate.  The  internal  rate  of 
return  for  the  Berkeley  local  protection  Plan  A  is  11-1/2%. 

NON-STRUCTURAL  BENEFIT  ANALYSIS  FOR  BERKELEY  PROJECT  AREA 


Benefits  estimated  in  the  following  sections  are  those  which  accrue 
through  the  implementation  of  non-st rue tural  flood  control  plans  for 
the  major  properties  within  the  Berkeley  Industrial  Park.  Estimated 
in  accordance  with  the  WRC  Manual,  benefits  were  evaluated  for  the 
following  two  cases  of  non-structural  flood  protection:  (1) 
floodproofing  each  individual  property  and  (2)  relocation  of  each 
activity  outside  the  flood  plain.  Benefits  accruing  to  floodproofing 
were  estimated  by  comparison  of  average  annual  flood  damages  under 
the  with  and  without  project  conditions.  Benefits  accruing  to  the 
lmplementlon  of  a  relocation  program  were  examined  under  the 
following  categories:  (1)  the  net  income  earned  by  activities 
occupying  the  flood  plain  with  the  project  and  (2)  that  portion  of 
the  flood  damage  reduced  by  the  project  which  is  borne  by  occupants 
outside  the  flood  plain. 

Benefits  to  Floodproofing  -  Plan  B 

Floodproofing,  including  waterproofing  and  ringwalls  in  Plan  B,  were 
designed  and  costs  estimated  for  the  Okonite  Comapny,  Roger  Williams 
Foods,  the  Health-Tex  main  plant  and  town  pump  station.  Individual 
data  sheets  from  the  damage  survey  were  examined  to  determine  total 
physical  losses  per  structure.  Non-physical  losses  do  not  enter  into 
the  analysis  as  floodproofing  does  not  affect  them.  Annual  benefits 
are  the  difference  in  annual  physical  losses  up  to  elevation  of  the 
100  year  frequency  storm  with  and  without  floodproofing.  Since  this 
technique  involves  individual  structures  each  one  must  be 
economically  Justified  on  its  own  benefits.  Cost  and  benefits  are 
not  totalled  as  in  structural  flood  control  analysis;  individual 
economic  justification  is  required.  Stage  damage  and  damage  fre- 
quencey  curves  were  prepared  for  the  four  aforementioned  properties. 
Annual  physical  losses  for  each  property  were  taken  off  each  damage 
frequency  curve  up  to  the  100  year  frequency  flood.  The  annual 
losses  thus  become  the  benefits  as  this  dollar  amount  of  physical 
loss  will  be  prevented  by  implementation  of  Plan  B.  Table  7-8 


itourliu  Plan  B'i  coat*  (Appendix  4)  and  annual  charges  ,  for  both  a  20 
7Mr  ®°d  50  year  life.  Table  7-9  displays:  total  annual  phyaical  losses, 
benefits  accruing  to  each  floodvall  plan,  annual  coats  and  the 
beneflt-to-cost-ratlo. 


TABLE  7-8 
FLAM  B 

FIRST  COSTS  A»  ANNUAL  CHARGES 
June  1981  Fries  Level 


Health-Tex  Roger  Wllllaua  Ohonlte  Co.  Pump  Station 


FIRST  COSTS 

Lands  4  Dauages 

8 

22.000 

1 

22,200 

$_ 

15,200 

-0- 

Waterproofing 

$ 

34,500 

8 

21,700 

8 

24,000 

8 

2,100 

Floodwalls 

198,900 

287,300 

3,000 

-0- 

Flood  Gates 

60,000 

47,500 

-O- 

-0- 

Flood  Shields 

19,800 

4,800 

4,500 

3,600 

Puup  Station 

20,000 

40,000 

-0- 

-0- 

Subtotal, excl.LAD  $ 

333,200 

8 

401,300 

8 

31,500 

$ 

5,700 

Contingency,  20Z 

66,600 

80,200 

_ 6,300 

1.100 

Subtotal 

$ 

399,800 

8 

481,500 

8 

37,800 

$ 

6,800 

E4D,  15Z 

60,000 

72,200 

5,700 

1,000 

S&A,  10Z 

40,000 

— 

48.200 

— 

3,800 

700 

Subtotal 

$ 

499.800 

JL 

601,900 

47.300 

i_ 

8.500 

First  Cost  Incl. 

LAD 

$ 

521,800 

8 

624,100 

8 

62,500 

8 

8,500 

ANNUAL  CHARGES 

Interest  A  Asort. 

«  7-3/8Z  9 

50  yrs.  (0.0759) 

8 

39,600 

8 

47,400 

8 

4,700 

8 

600 

20  yrs.  (0.097) 

50,600 

60,500 

6,100 

800 

Oper.  A  Malnt. 

500 

600 

-0- 

-0- 

Interln  Replace. 

100 

200 

-0— 

-0- 

TOTAL  ANN.  CHARGE: 

9  50  yr.  Life 

8 

40,200 

8 

48,200 

8 

4,700 

8 

600 

9  20  yr.  Life 

51,200 

61,300 

6,100 

800 
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TABLE  7-9 


ECONOMIC  ANALYSIS 
June  1981  Price  Level 


Health-Tex 

Roger  Williams 

Okonlte  Co. 

Pump  Station 

Total  Annual 
Physical  Losses 
Average  Annual 

$  386,900 

$  131,200 

$  70,900 

$  1,300 

Benefits,  Plan  B 

200,300 

77,800 

21,500 

800 

50-YEAR  LIFE  ANALYSIS: 

Average  Annual 

Costs 

$  39,600 

$  47,400 

$  4,700 

$  600 

Average  Annual 

Net  Benefit 
Benefit-to-Cost 

160,700 

30,400 

16,800 

200 

Ratio 

5.1  to  1 

1.6  to  1 

4.6  to  1 

1.3  to  1 

20-YEAR  LIFE  ANALYSIS: 

Average  Annual 
Cost 

Average  Annual 

$  50,600 

$  60,500 

$  6,100 

$  800 

Net  Benefit 
Benefit-to-Cost 

149,700 

17,300 

15,400 

-0- 

Ratio 

4.0  to  1 

1.3  to  1 

3.5  to  1 

1.0  to  1 

It  can  be  seen  from  the  benefit- 

-to-cost  ratios 

above  that  implements- 

tions  of  a  non-structural  plan  involving  individual  floodproofing  is 

economically  justified. 

Benefits  to  Relocation 

The  second  alternative  non- structural  plan  for  the  three  flood  prone  In  the 
Berkeley  Industrial  Park  is  relocation  out  of  the  flood  plain.  Benefits  for 
this  alternative  were  assessed  under  the  following  categories:  (1)  the  net 
Income  earned  by  activities  occupying  the  flood  plain  with  the  project,  (2) 
reduction  of  external  costs  based  on  flood  damages  to  utility  transportation 
and  communication  systems,  (3)  reduction  of  external  costs  associated  with  the 
subsidised  portion  of  Pederal  flood  Insurance,  (4)  reduction  of  external  costs 
associated  with  flood  emergency  activities;  and,  (5)  a  positive  externality 
under  the  "with  project"  condition.  (See  Table  7-11). 

(1)  The  most  likely  future  of  the  area  vacated  by  relocation  of  the  three 
industrial  structures  will  be  green,  open  space,  e.g. ,  a  park  with  few 
structural  amenities.  The  predominant  use  of  this  newly  created  open  space  in 
f  '  the  flood  plain  would  be  passive  recreation.  To  compute  a  benefit  for  this  new 
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use  Involves  estimating  the  additional  number  of  people  that  the  new  open  apace 
would  attract  to  passive  recreation  multiplied  by  the  projected  number  of 
recreator  days.  An  appropriate  recreation  day  dollar  value  would  be  attached 
to  each  dally  use.  It  seems  doubtful  whether  a  significant  benefit  would 
accrue  to  this  new  land  use,  since  Cumberland  residents  currently  engage  In 
this  activity  in  other  parts  of  the  town  and  in  out  of  town  locations  and  no 
excess  demand  is  apparent.  In  addition,  a  linear  park  Is  in  the  planning 
stages  along  the  Blackstone  Canal  In  Lincoln,  Rhode  Island,  directly  across  the 
river  from  the  project  site.  This  site  Is  more  desirable  due  to  the  absence  of 
nearby  population  distribution,  present  and  future  recreational  facilities.  It 
appears  that  new  use  of  the  flood  plain  park  would  result  in  a  benefit  so  small 
as  to  be  Insignificant. 

The  next  four  benefit  categories  involves  the  reduction  of  flood  related  costs 
borne  by  occupants  and  activities  located  outside  of  the  flood  plain  (project 
area) . 


(2)  Damages  to  utility,  transporation  and  communication  systems  would  be 
reduced  under  the  with  project  condition  and  represent  a  reduction  in  external 
costs  and,  therefore,  a  benefit.  Damages  were  determined  from  combined  damage 
frequency  curves  up  to  the  Standard  Proejct  Flood.  Reduction  of  these  damages 
resulted  in  an  annual  benefit  of  $3,000  at  the  1979  price  level. 

(3)  The  reduction  of  the  subsidised  portion  of  flood  insurance  costs 
results  in  a  national  benefits,  l.e.,  a  savings  to  all  U.S.  taxpayers  since  tax 
funded  subsidies  support  national  flood  insurance  payments.  The  town  of 
Cumberland  is  currently  under  the  Emergency  Program  thereby  limiting  coverage 
to  the  first  layer  of  protection.  For  the  three  industrial  firms  to  be 
relocated  the  coverage  limit  for  structural  and  contents  losses  is  $100,000, 
respectively.  The  subsidized  portion  of  each  firm's  premium  payment  for  both 
structural  and  contents  coverage  was  calculated.  After  subtracting 
deductibles,  flood  insurance  savings  under  the  with  project  condition  totalled 
$3,200  annually. 

(4)  Flood  emergency  costs  (emergency  evaluation,  flood  fighting,  repairs 
to  public  facilities)  were  difficult  to  estimate  for  the  project  area  due  to 
lack  of  recent  experience  and  data  limitations.  Best  estimates  based  on  the 
nature  and  scale  of  development  of  the  activities  in  the  flood  plain  indicate 
that  an  annual  costs  of  $5,000  is  not  unreasonable  and  its  elimination  would 
result  in  a  benefit  to  the  relocation  plan. 

(5)  A  "positive  externality"  reflects  the  amenity  of  living  near  park 
land  or  open  space  and  is  measured  as  the  projected  increase  in  market  value  of 
property  adjacent  to  the  encumbered  flood  plain.  The  benefit  was  not  evaluated 
under  the  with  project  condition  for  the  following  reasons.  There  are  no 
residences  adjacent  to  the  newly  created  open  space;  the  immediate  area  is 
zoned  industrial.  Upstream  of  the  project  area  is  an  industrial  activity. 
Railroad  tracks  and  two  industries  abut  the  back  side  of  the  area  and  a  gravel 
pit  and  dumping  operation  are  located  on  the  downstream  side.  Therefore,  the 
highly  industrialised  nature  of  the  area  surrounding  the  newly  created  open 
space  precludes  the  possibility  of  a  positive  externality. 


# 
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TABLE  7-10 


BENEFITS  TO  RELOCATION  OF  THREE  IIDDSTRIAL  PROPERTIES 


Benefit 

Net  Incoae  to  New  Activity 

Damage  Reduction  to  Utilities, 
Trane,  and  Comm.  Syetaae 

Flood  Inaurance  Savings 

Emergency  Coat  Savings 

Positive  Externality 

TOTAL 


Annual  Amount 
Insignificant 
$  3,200 

$  3,200 
$  5,000 
not  applicable 
$11,200 


The  very  low  dollar  amount  of  annual  benefits  which  accrue  to  the 
relocation  plan  In  relation  to  the  annual  costs  indicate  the  lack  of 
economic  justification  at  this  time. 


The  Benefit/Cost  ratio  for  the  relocations  of  the  three  buildings  are 
0.004. 
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BLACKSTONE  RIVER  BASIN 
HYDROLOGIC  ANALYSIS 


1 .  INTRODUCTION 

This  appendix  presents  the  hydrologic  analysis  performed  for  the 
Water  Resources  Study  of  the  Blackstone  River  basin.  The  report 
presents  hydrologic  data  and  includes  analyses  of  floods  of  record, 
flood  frequencies,  development  of  the  Standard  Project  Flood  and 
analyses  of  various  flood  control  measures. 

2.  HYDROLOGIC  DESCRIPTION  OF  BASIN 

a.  General .  The  Blackstone  River  basin,  located  in  south-central 
Massachusetts  and  northern  Rhode  Island,  is  generally  elongated  in 
shape  with  a  length  of  about  44  miles,  average  width  of  12  miles, 

and  a  total  drainage  area  of  476  square  miles.  The  topography  is 
generally  hilly  with  higher  elevations  lying  in  the  western  portion 
some  of  which  are  in  excess  of  1,300  feet  msl.  Because  of  short, 
steep  tributaries  in  the  upper  reaches  of  the  watershed  and  relatively 
longer  ones  in  the  lower  reaches,  there  is  a  tendency  for  the  tri¬ 
butary  flows  to  synchronize  with  the  crest  on  the  main  river.  A 
map  of  the  Blackstone  River  basin  is  shown  on  plate  1. 

b.  Principal  Stream.  The  Blackstone  River  originates  at  the 
junction  of  the  Middle  River  and  Mill  Brook  in  the  southern  part 

of  Worcester,  Massachusetts  and  flows  in  a  generally  south-easterly 
direction  for  44  miles  to  its  mouth  at  the  Main  Street  dam  in  Paw¬ 
tucket,  Rhode  Island.  At  Main  Street  dam,  Blackstone  flows  enter 
the  Seekonk  River,  a  tidal  estuary  continuing  7  miles  south  to  the 
Providence  River  in  Providence,  Rhode  Island. 

The  Blackstone  River  has  a  total  fall  of  about  440  feet  from  its 
source  to  sea  level.  From  Worcester  to  Fisherville,  a  distance  of 
approximately  10  miles,  the  river  falls  150  feet  or  about  15  feet 
per  mile.  In  the  next  18  miles  to  Blackstone,  Massachusetts,  the 
average  fall  is  only  about  5  feet  per  mile.  The  river  valley  in 
this  second  reach  is  broad  and  flat  and  has  some  modifying  effect 
on  floods  in  the  basin.  Downstream  of  Blackstone,  the  river  drops 
75  feet  in  3  miles,  then  flattens  out  to  become  a  rather  uniform 
slope  of  approximately  11  feet  per  mile  to  tidewater.  A  profile  of 
the  Blackstone  River  is  shown  on  plates  2  through  9. 


During  the  19th  century,  several  small  dams  were  constructed 
across  the  river  to  develop  water  power  for  industrial  plants  located 
along  its  banks.  In  recent  years,  a  number  of  these  industrial  plants 
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have  been  abandoned.  Most  of  those  remaining  buy  their  electric 
power  and  use  the  dams  solely  for  industrial  purposes.  Several 
dams  on  the  Blackstone  River  and  its  tributaries  were  damaged 
during  the  August  1955  flood,  and  sane  failed  at,  or  near,  time 
of  peak  flow. 

c-  Tributaries .  Principal  tributaries  of  the  Blackstone  River 
are  Kettle,  Beaver,  and  Mill  Brooks  and  the  Middle  River  which 
combine  fo  form  the  headwaters  of  the  Blackstone  River  in  Worcester, 
followed,  in  downstream  order,  by  the  tributaries:  Quinsigamond, 
West,  Mumford,  Branch,  Mill  and  Peter  Rivers,  and  Abbot  Run  Brook. 

0 )  Headwater  Tributaries 


(a)  Kettle  Brook,  located  entirely  in  Massachusetts, 
originates  in  the  uppermost  northwesterly  part  of  the  watershed  at 
Reservoir  4  near  Paxton  Center  and  drains  32.8  square  miles.  The 
brook  flows  southeasterly  through  the  town  of  Leicester  into  Auburn 
where  at  Stoneville  it  turns  northerly  toward  Worcester.  Terminus 
of  Kettle  Brook  is  at  the  outlet  of  Curtis  Pond  at  the  confluence 
of  Beaver  Brook,  with  this  point  marking  the  beginning  of  Middle 
River.  In  its  entire  length  of  12.7  miles.  Kettle  Brook  has  been 
extensively  developed  with  reservoirs  providing  water  supply  to 
the  city  of  Worcester  and  downstream  industrial  purposes.  The 
Worcester  Diversion  Project,  completed  by  the  Corps  of  Engineers 

in  1960,  diverts  floodflows  from  30.5  square  miles  of  Kettle  Brook 
around  Worcester. 

(b)  Beaver  Brook  with  a  drainage  area  of  15.6  square 
miles  rises  along  the  northern  city  boundary  of  Worcester  approx¬ 
imately  1-1/4  miles  westerly  of  Indian  Lake.  It  flows  southward  to 
join  Kettle  Brook,  forming  the  Middle  River  at  the  outlet  of  Curtis 
Pond.  Approximately  4.2  miles  upstream  from  its  terminus,  Beaver 
Brook  intercepts  its  major  tributary,  Tatnuck  Brook  on  the  westerly 
side.  Tatnuck  Brook,  having  a  drainage  area  of  11.3  square  miles, 
originates  in  the  Holden  Reservoir  in  Paxton  which  is  part  of  the 
Worcester  water  supply  system. 

(c)  Mill  Brook,  located  on  the  easterly  side  of  Beaver 
Brook  watershed  and  draining  approximately  15  square  miles,  originates 
near  Chaffinvil le,  in  the  town  of  Holden.  It  flows  southward  through 
Indian  Lake  and  tnence  through  the  center  of  Worcester  to  join  the 
Middle  River  on  the  southern  side  of  the  city.  Throughout  most  of  its 
length,  particularly  in  its  most  densely  populated  section  below 
Indian  Lake,  Mill  Brook  is  enclosed  in  an  underground  conduit.  There 
are  very  few  ponds  or  wetland  areas  other  than  Indian  Lake,  Marshall 
and  Salisbury  Ponds. 


2 


w 


(d)  The  Middle  River  flows  generally  southeasterly  for 
a  distance  of  approximately  2.5  miles  through  a  wetland  area,  two 
ponds  and  then  intercepts  Mill  Brook  to  form  the  Blackstone  River 
at  the  American  Steel  and  Wire  Company  dam  northeast  of  Quinsigamond 
Village  in  Worcester.  At  this  point,  it  has  a  total  drainage  area 
of  about  65  square  miles  of  which  1.7  are  local  and  lies  entirely 
within  the  limits  of  Worcester  and  Auburn. 

(2)  Quinsigamond  River.  This  basin  lies  in  Boylston,  West 
Boylston,  Shrewsbury,  Grafton,  Mi 11  bury  and  Worcester,  Massachusetts. 

It  has  a  12.2  mile  length  oriented  along  a  north-south  aA^s,  a  max¬ 
imum  width  of  4.5  miles  and  drains  an  area  of  37  square  miles.  The 
river  measures  about  13  miles  in  length,  of  which  8  miles  are  a  suc¬ 
cession  of  lakes,  the  largest  being  Lake  Quinsigamond  with  a  water 
surface  of  539  acres.  This  lake  is  one  of  three  closely  related 
bodies  of  water  (combined  area  =  929  acres),  the  other  two  are  Flints 
Pond  with  an  area  of  322  acres,  and  Hovey  Pond  with  a  68  acre  area. 

(3)  West  River.  The  river,  located  entirely  in  Massachusetts, 
rises  in  Upton  State  Forest  in  the  southwest  corner  of  Westboro,  three 
miles  northeast  of  the  center  of  Grafton.  It  flows  in  a  southerly 
direction  through  the  towns  of  Upton  and  Northbridge  joining  the 
Blackstone  River  about  0.6  mile  downstream  from  the  confluence  of 

the  Mumford  and  Blackstone  Rivers.  In  a  clockwise  direction  from 
its  source  in  the  headwaters,  Hopkinton,  Mendon  and  Millville  are 
other  perimeter  towns  within  the  watershed. 

The  watershed,  elongated  in  shape  with  a  maximum  length  of  about 
12.5  miles  and  a  width  varying  from  about  5  miles  in  the  upper  portion 
to  approximately  2  miles  in  the  lower  section,  has  a  total  drainage 
area  of  35  square  miles,  with  80  percent  (27.9  square  miles)  con¬ 
trolled  by  the  existing  Corps  of  Engineers  West  Hill  flood  control 
reservoir.  This  reservoir,  completed  in  1960,  is  located  approx¬ 
imately  3.2  miles  upstream  from  the  mouth  of  the  West  River. 

(4)  Mumford  River.  The  Mumford  River  originates  from  a  system 
of  lakes,  ponds  and  reservoirs  in  the  towns  of  Oxford,  Douglas  and 
Sutton,  Massachusetts.  It  follows  a  rather  sinuous  course  in  a  gen¬ 
erally  easteri  direction  through  Sutton,  Northbridge  and  Uxbridge, 
where  it  joins  the  Blackstone  River  0.5  mile  east  of  the  business 
center  of  Uxbridge. 

The  basin  has  a  length  of  10.9  miles,  a  maximum  width  of  8.1  miles 
and  drains  an  area  of  58  square  miles.  Scattered  throughout  the  water¬ 
shed  are  small  and  large  impoundments  which  are  principally  utilized 
for  storing  process  water  for  finishing  textile  goods. 
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(5)  Branch  River.  In  terms  of  drainage  area,  the  largest 
tributary  of  the  Blackstone  River  is  the  Branch  River  (drainage 
area  96  square  miles),  of  which  12.6  miles  are  in  Massachusetts 
and  the  remainder  in  Rhode  Island.  The  basin  is  shaped  like  an 
equilateral  triangle,  with  each  side  approximately  15  miles  in 
length . 

The  main  stem  of  the  Branch  River  is  formed  by  the  confluence 
n  tne  Chepachet  and  Pascoag  Rivers  near  the  village  of  Oakland  in 
Burrillville,  Rhode  Island,  and  terminates  at  the  Blackstone  River 
in  North  Smithfield,  Rhode  Island  near  the  Massachusetts-Rhode 
Island  State  boundary.  The  northern  fork  of  the  Branch  River  (drai 
age  area  44.7  square  miles)  originates  on  the  Clear  River  at  Wallum 
Lake  in  the  extreme  northwestern  corner  of  Rhode  Island  and  flows 
in  a  southeasterly  direction  through  the  Wilson  Reservoir  to  join 
with  the  Pascoag  River  just  north  of  the  village  of  Pascoag.  The 
Pascoag  River,  joined  by  the  Nipmuc  River  just  north  of  the  village 
of  Harrisville,  Rhode  Island,  continues  flowing  southeasterly  to 
Oakland  to  form  the  Branch  River.  The  southern  fork  (drainage  area 
21.2  square  miles)  originates  in  the  swamps  upstream  of  the  Smith 
and  Sayles  Reservoirs  in  Glocester,  and  'lows  in  a  northeasterly 
direction  through  the  village  of  Chepachet  to  Oakland,  Rhode  Island 
Another  southern  tributary  Tarklin  Brook  joins  the  Branch  River  at 
the  southwestern  extremity  of  the  Slater*. ville  Reservoir  near  the 
village  of  Nasonville,  Rhode  Island. 

The  Branch  River  and  its  tributaries  drain  a  watershed  with  a 
mean  elevation  of  475  msl,  extending  from  a  high  elevation  of  804 
nisi  at  Durfee  Hill  in  northwestern  Rhode  Island  to  a  low  elevation 
of  180  msl  at  its  junction  with  the  Blackstone  River.  The  main 
stream  slope  averages  16.0  feet/mile.  Scattered  throughout  the 
hilly  terrain  of  the  basin  are  many  lakes,  ponds  and  artificial 
reservoirs  which  were  originally  developed  for  processing  of  in¬ 
dustrial  goods  in  connection  with  textile  manufacturing  and  fin¬ 
ishing.  Table  1  lists  pertinent  data  relating  to  the  existing 
major  impoundments  of  the  Branch  River  basin  (for  surface  areas 
greater  than  100  acres).  Branch  River  profiles  are  shown  on  plates 
10  through  14. 

(6)  Mill  River.  The  Mill  River  has  its  source  at;  North 
Pond  in  the  towns  of  Hopkinton,  Upton  and  Milford,  Massachusetts 
and  flows  southerly  for  15  miles  through  Mendon  and  Blackstone, 
Massachusetts  to  the  Blackstone  River,  a  short  distance  above  the 
U.S.  Geological  Survey  gaging  station  at  Woonsocket,  Rhode  Island. 

The  basin  (drainage  area  35  square  miles)  is  located  almost  en¬ 
tirely  within  the  Commonwealth  of  Massachusetts  and  is  elongated  in 
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‘Runoff  in  inches  and  storage  capacity  is  excessive  compared  to  its  drainage  area,  and  these  reservoirs  are  not  likely  to  be  filled  up. 
“From  U.S.C.  and  G  c  Maos 


shape,  being  10  miles  long  with  an  average  width  slightly  in  excess 
of  2  miles. 

The  largest  impoundment  within  the  basin  is  Harris  Pond  located 
almost  entirely  within  Blackstone,  Massachusetts,  with  the  dam  and 
appurtenant  structures  straddling  the  Woonsocket  city  limits  on  the 
Rhode  Island-Massachusetts  State  Line.  During  the  record  flood  of 
August  1955,  this  dam  failed  and  compounded  the  flood  problems  with¬ 
in  one  ,ec.tion  in  the  northern  quadrant  of  Woonsocket.  Since  then 
it,  has  been  rebuilt  by  the  city  as  one  of  its  main  sources  of  water 
supply. 

Subsequent  to  the  disastrous  flood  of  1955;  the  Lower  Woonsocket 
Local  Protection  Project  was  completed  by  the  Corps  of  Engineers  in 
1967.  This  project  consisted  of  channel  improvements,  dikes,  walls, 
drains,  pressure  conduits,  pumping  stations  and  dam  removals.  The 
Mill  and  Peters  Rivers  enter  the  Blackstone  in  adjacent  pressure 
conduits. 

(7)  Peters  River.  The  Peters  River  has  its  origin  north  of 
Silver  Lake  in  Bellingham,  Massachusetts.  From  Silver  Lake,  the 
Peters  River  flows  southerly  for  approximately  3.5  miles  before 
crossing  the  Massachusetts-Rhode  Island  State  Line  at  Woonsocket. 
Approximately  1  mile  further  downstream,  the  Peters  joins  the  Black- 
stone  River  in  a  pressure  conduit  at  the  Lower  Woonsocket  local  pro¬ 
ject.  The  river  basin  averages  about  2  miles  in  width,  5  miles  in 
length  and  has  a  drainage  area  of  12  square  miles. 

(8)  Abbot  Run  Brook.  This  brook  originates,  respectively, 
in  the  towns  of  Wrentham  and  Cumberland  along  the  Massachusetts  and 
Rhode  Island  State  Line.  A  short  distance  from  its  origin,  it  is 
impounded  in  the  Diamond  Hill  Reservoir  which  supplies  water  to 
Pawtucket.  From  the  reservoir,  Abbott  Run  flows  south  for  approxi¬ 
mately  2  miles  through  some  small  ponds,  crossing  the  State  Line  in¬ 
to  North  Attleboro,  Massachusetts.  It  then  meanders  in  a  southerly 
direction  for  another  three  miles,  again  crossing  the  State  Line. 
Abbott  Run  joins  the  Blackstone  River  in  the  village  of  Valley  Falls 
in  Cumberland,  Rhode  Island. 

The  watershed  is  about  11  miles  long  and  roughly  3  miles  wide 
with  a  total  drainage  area  of  27  square  miles.  It  is  characterized 
by  many  swamps  and  several  small  ponds  with  hilly  topography  more 
pronounced  along  the  outer  fringes. 

3.  CLIMATOLOGY 

a.  General .  The  Blackstone  River  basin  has  a  variable  climate 
characterized  by  frequent  but  generally  short  periods  of  heavy 
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precipitation  which  is  distributed  quite  uniformly  throughout  the 
year  with  much  of  it  occurring  as  snow  during  the  winter  months. 

The  drainage  basin  lies  in  the  path  of  the  "prevailing  westerlies" 
and  other  cyclonic  storms  that  move  easterly  across  the  country 
from  the  western  or  southwestern  United  States.  Because  of  its 
proximity  to  the  sea,  it  is  also  subjected  to  coastal  storms,  locally 
known  as  "northeasters",  which  travel  up  the  Atlantic  Seaboard  from 
the  Carol inas,  occurring  mostly  durng  the  fall  and  winter  months. 

Intense  rainfall  in  combination  with  a  melting  snow  cover  can  result 
in  flood  producing  runoff.  In  addition,  tropical  hurricanes  con¬ 
stitute  an  infrequent  but  very  important  potential  for  flood-pro¬ 
ducing  precipitation,  particularly  from  July  to  October.  Thunder¬ 
storms  may  occur  over  the  basin  at  any  time  of  the  year  and  may  be 
of  local  origin  or  associated  with  a  stationary  front. 

b.  Temperature.  Average  annual  temperature  of  the  Blackstone 
River  basin  is  about  490  Fahrenheit.  Average  monthly  temperatures 
vary  widely  throughout  the  year,  from  250  in  January  to  730  in  July. 
Extremes  in  temperature  may  range  from  occasional  highs  above  100o 
to  infrequent  lows  below  10°  Fahrenheit.  Long  term  temperature 
records,  available  for  Worcester  and  Providence,  are  summarized  in 
table  2. 

c.  Precipitation.  The  mean  annual  precipitation  over  the  basin 
is  about  42  inches  distributed  rather  uniformly  throughout  the  year. 
Average  monthly  rainfall  at  Providence  ranges  from  a  minimum  of  2.98 
inches  in  June  to  a  maximum  of  3.84  in  December  and  at  Worcester, 
from  3.19  inches  in  February  to  4.01  in  August.  Average  monthly 
precipitation  values  are  listed  in  table  3. 

d.  Snowfall  and  Snow  Cover.  About  one-third  of  the  precipitation 
that  occurs  during  the  winter  months  is  in  the  form  of  snow.  Annual 
snowfall  for  the  entire  basin  varies  from  55  to  60  inches,  with  extremes 
ranging  from  40  inches  in  the  southern  portions  to  about  60  inches  at 
inland  points  to  the  north.  In  recent  years,  surveys  of  snow  cover 
have  been  taken  regularly  in  the  Blackstone  basin.  The  mean  annual 
water  content  of  the  snow  cover  over  the  basin  seldom  exceeds  3  inches. 
On  occasions,  however,  a  maximum  water  content  of  more  than  6  inches 
has  been  experienced  in  the  upper  Blackstone  basin.  Moderately  high 
springtime  discharges  frequently  occur  as  the  result  of  melting  snow, 
but  runoff  from  this  source  alone  generally  has  been  insufficient, 
during  the  period  of  record,  to  cause  a  major  flood.  However,  serious 
flooding  due  to  a  combination  of  heavy  rain  and  snowmelt  is  a  possi¬ 
bility  nearly  every  year.  Tables  4  and  5  summarize  data  on  snowfall 
and  snow  cover. 
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TABLE  4 


MEAN  MONTHLY  SNOWFALL  (DEPTH  IN  INCHES) 


Worcester,  Mass. 

66  Years  of  Record 
Elev.  628  Feet  msl 

Providence,  R.I. 
73  Years  of  Record 
Elev.  51  Feet  msl 

January 

14.9 

9.60 

February 

15.8 

10.2 

March 

10.2 

6.7 

April 

3.2 

0.9 

May 

TRACE 

0.1 

June 

0.0 

0.0 

July 

TRACE 

0.0 

Augus  t 

TRACE 

0.0 

September 

TRACE 

0.0 

October 

0.1 

TRACE 

November 

3.0 

1.0 

December 

10.1 

6.6 

Annual 

57.3 

35.1 

TABLE  5 

WATER  EQUIVALENTS  OF  SNOW  COVER  (IN  INCHES) 

Date 

BLACKSTONE  RIVER  BASIN 
1957  -  1971 

Minimum 

Mean 

Maximum 

1  February 

0.0 

1.85 

3.9 

15  February 

0.2 

2.55 

5.2 

1  March 

0.2 

2.75 

6.0 

15  March 

0.0 

2.25 

5.0 

1  April 

0.0 

0.70 

3.3 

e.  Storms .  Three  general  types  of  storms  occur  in  the  Black- 
stone  River  basin  -  continental,  coastal,  and  those  associated  with 
thunderstorms  which  may  be  of  local  origin  or  the  result  of  a  sta¬ 
tionary  front.  Continental  storms  originate  over  the  United  States 
and  southwestern  Canada  and  move  in  a  general  easterly  and  north¬ 
easterly  direction.  These  storms  may  be  rapidly  moving  intense 
cyclones,  or  the  stationary  type.  They  are  not  limited  to  any 
season  or  month  but  follow  one  another  at  more  or  less  regular 
intervals  with  varying  intensities  throughout  the  year.  Coastal 
storms  can  be  either  tropical  or  extratropical.  Tropical  hurricanes 
originate  either  near  the  Cape  Verde  Islands  or  in  the  Western 
Caribbean  Sea  and  generally  move  in  a  westerly  or  northwesterly 
direction,  curving  inward  to  the  north  as  they  approach  the  main¬ 
land,  and  then  to  the  northeast  when  approaching  New  England.  Al¬ 
though  the  normal  path  is  to  the  south  and  east  of  New  England,  they 
can  be  deflected  over  this  area  by  continental  cyclonic  disturbances 
or  by  a  large,  slow-moving,  anticyclonic  center,  if  these  are  present 
to  the  northeast  of  New  England  at  the  time.  The  latter  diversion 

is  known  as  a  "blocking"  high  pressure  cell.  For  the  most  part, 
hurricanes  are  likely  to  occur  during  the  months  of  July  through 
October  with  greater  incidence  of  such  storms  during  August  and 
September.  Coastal  storms  of  an  extratropical  nature  differ  from  the 
s/corms  accompanying  hurricanes  principally  if  they  originate  off  the 
Carolina  coastline.  These  storms  travel  a  path  that  is  parallel  to 
the  coastline,  but  more  westward  than  the  path  of  hurricanes,  covering 
a  much  greater  area  with  precipitation,  and  occurring  most  frequently 
during  the  autumn,  winter  and  spring  months.  Thunderstorms  may  be 
either  of  local  origin  or  of  the  frontal  type  associated  with  the 
suimer  months. 

The  greatest  storm  rainfall  for  wide  area  coverage  now  recorded 
in  New  England  occurred  during  17-19  August  1955,  accompanying 
hurricnae  "Diane".  This  storm  exceeded  all  previous  New  England 
records  for  total  rainfall  in  a  single  storm  and  for  a  24-hour 
period.  Of  particular  significance  is  the  fact  that  less  than  a 
week  before  "Diane",  her  predecessor  "Connie"  had  deposited  a  rain¬ 
fall  of  4  to  6  inches  or  irore  along  the  Atlantic  coast  from  North 
Carolina  to  southern  New  England.  Consequently,  the  watersheds 
were  well  soaked  and  streams,  reservoirs,  and  ponds  were  relatively 
full  when  the  intense  rainfall  of  17-19  August  1955  occurred.  The 
amount  of  precipitation  was  greater  in  the  upper  Blackstone  River 
basin  than  in  the  lower  basin.  At  Kettle  Brook,  near  Worcester, 
a  rainfall  of  13  to  15  inches  was  recorded,  while  at  the  lower  end 
of  the  basin,  in  Pawtucket,  the  recorded  rainfall  was  8  inches. 

f .  Droughts . 

(1)  General .  The  long  term  annual  rainfall  of  approximately 
42  inches  in  the  southeastern  New  England  area  is  really  the  average 
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of  the  annual  rainfall  for  all  years  of  record.  When  rainfall  is 
below  average  for  a  period  of  time,  the  area  experiences  what  is 
referred  to  as  a  "drought”.  In  this  case,  a  drought  is  defined 
as  a  prolonged  period  of  precipitation  deficiency  which  seriously 
affects  both  riverflow  and  ground  water  supplies  and  represents 
periods  of  minimum  rainfall. 

(2)  Drought  of  1963-1966.  The  drought  of  1963-1966  in 
southeastern  New  England,  for  its  duration,  was  the  greatest  ever 
experienced  in  the  area  in  200  years  of  record.  Severity  of  this 
drought  followed  a  period  of  above  normal  rainfall  which  contributed 
to  relaxation  on  the  part  of  cities  and  towns  during  a  period  of 
rapidly  increasing  water  demand.  The  drought  was  more  severe  in  the 
interior  than  along  the  coast  The  accumulated  deficiency  in  the 
average  runoff  of  the  Blackstone  River  at  Woonsocket  for  water  years 
1964  through  1967  was  27  inches,  which  is  equivalent  to  more  than 
one  year's  average  runoff. 

4 .  STREAMFLOW 

a  Discharge  Records.  The  US  Geological  Survey  publishes  records 
of  nine  stream  gaging  stations  in  the  Blackstone  River  basin,  seven 
of  which  are  on  tributaries  and  two  on  the  main  stream.  Gaging  sta¬ 
tions  on  the  tributary  streams  within  the  basin  are  located  on 
Kettle  Brook  at  Worcester  (discontinued  in  1979),  Quinsigamond  River 
at  North  Grafton,  West  River  below  West  Hill  Dam  near  Uxbridge,  all 
in  Massachusetts,  the  Nipmuc  River  near  Harrisville,  Chepachet  River 
at  Chepachet  (discontinued  in  1975),  and  the  Branch  River  at  Forest- 
dale  and  a  Blackstone  River  tributary  at  Woonsocket,  all  in  Rhode 
Island.  On  the  main  stream  itself,  there  are  two  gaging  stations  - 
one  at  Northbridge,  Massachusetts,  measuring  runoff  from  about  30 
percent  of  the  basin,  and  the  other  at  Woonsocket,  Rhode  Island, 
measuring  runoff  from  about  85  percent  of  the  basin.  A  gaging  sta¬ 
tion  on  the  Mumford  River  in  East  Douglas,  Massachusetts,  was  dis¬ 
continued  in  1951.  Pertinent  runoff  data  from  the  existing  gaging 
stations  is  compiled  in  table  6.  Locations  of  the  gaging  stations 
are  shown  on  plate  1 . 

b.  Runoff.  The  mean  annual  runoff  from  the  Blackstone  River 
for  the  period  of  record,  adjusted  for  upstream  storage  and  diversion, 
is  244  cfs  at  Northbridge,  Massachusetts,  726  cfs  at  Woonsocket  and 
165  cfs  for  the  Branch  River  at  Forestdale,  Rhode  Island.  At  Wor¬ 
cester,  the  average  runoff  from  Kettle  Brook  is  53  cfs  for  53  years 
of  record.  The  instantaneous  maximum  and  minimum  flow  rates  and  mean 
monthly  runoff  values  for  these  four  stations  as  well  as  the  Nipmuc 
and  Chepachet  Rivers  are  given  in  table  7.  Average  annual  runoff 
in  the  basin  is  about  1.75  cfs  per  square  mile  which  is  equivalent  to 
about  24  inches  of  runoff  per  year  or  about  57  percent  of  average 
annual  precipitation. 
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TABLE  6 


•Minimum  Daily  Flow 

'•Includes  Failure  of  Horseshoe  Dam 


5.  HISTORY  OF  FLOODS 


a.  General.  Major  floods  on  the  Blackstone  River  occur  during 
any  season  of  the  year.  Rain  combined  with  melting  snow  resulted 
in  the  March  floods  of  1936,  1968,  1969  and  January  1979.  Heavy 
rains  of  tropical  origin  during  summer  and  fall  months  caused  the 
floods  of  November  1927,  July  1938,  September  1954,  and  August  1955. 

b.  Historic  Floods.  The  flood  history  of  the  basin  extends 
back  more  than  160  years.  Records  concerning  early  floods,  although 
meager  in  most  cases,  mention  March  1818,  March  1823,  February  1866, 

March  1876,  February  1886  and  September  1887.  The  greatest  occurred 
in  February  1886  and  exceeded  any  previous  event  for  which  inform¬ 
ation  is  available.  The  storm,  lasting  about  60  hours,  had  a  max¬ 
imum  rainfall  of  5.65  inches  near  Providence,  and  about  2  inches 

of  water  was  added  to  the  runoff  from  melting  snow. 

c.  Recent  Floods.  Since  1927,  five  major  floods,  described 
below,  have  been  experienced:  March  1936,  July  1938,  August  1955, 

March  1968  and  January  1979.  Minor  flood  events  have  also  occurred 
in  November  1927,  September  1938,  September  1954  and  October  1955. 

Table  8  lists  the  five  greatest  floods  at  selected  USGS  gages. 

(1)  The  March  1936  flood,  considered  to  be  a  single  hydraulic 
event,  actually  occurred  as  two  peaks  of  almost  equal  magnitude  six 
days  apart.  At  Woonsocket,  a  peak  discharge  of  14,200  cfs  was 
recorded  on  13  March  and  on  19  March  a  peak  flow  of  15,000  cfs  was 
attained.  The  first  peak  was  the  result  of  a  combination  of  rain¬ 
fall  and  snowmelt,  but  the  second  was  due  to  rainfall  alone.  Ground 
work  for  the  flood  was  really  prepared  in  December,  when  the  temper¬ 
ature  played  a  very  important  role.  From  December  through  February, 
the  temperature  was  below  normal,  and  a  snow  cover  remained  over  the 
basin.  As  late  as  9  March,  the  snow  depth  at  Worcester  was  recorded 
as  10  inches,  although  most  of  the  snow  had  disappeared  by  this  time 
from  the  southern  part  of  the  basin,  near  Providence.  Due  to  the 
low  temperatures,  thick  ice  covers  were  still  on  the  ponds,  lakes, 
and  rivers.  Even  where  ground  surfaces  were  clear,  the  underlying 
soil  strata  were  frozen  preventing  significant  ground  water  perco¬ 
lation. 

Beginning  on  9  March  and  continuing  through  to  28  March,  a  period 
of  abnormally  high  precipitation  occurred  throughout  all  New  England, 
with  the  total  rainfall  for  the  month  being  twice  the  normal  quantity. 
Although  the  major  center  of  the  first  storm  was  in  northern  New 
England,  a  second  center  occurred  in  the  lower  Housatonic  River  basin 
in  Connecticut.  From  9  March  to  13  March  an  average  of  4  inches  of 
rainfall  per  day  fell  in  this  area,  with  the  maximum  storm  intensity 
recorded  on  11-12  March.  The  second  storm  pattern  was  similar  to 
the  first.  A  secondary  storm  center  occurred  in  the  Blackstone  basin 
at  Worcester,  where  rainfall  of  8.22  inches  was  recorded  for  16-19  March. 
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High  rates  of  runoff  during  this  period  of  heavy  rainfall  resulted 
in  the  flood  that  crested  on  19  March.  The  reduced  rate  of  in¬ 
filtration  into  the  frozen  soil  mantle  contributed  to  the  production 
of  runoff  coefficients  for  the  basin  that  were  as  high  as  90  percent. 

(2)  During  the  period  of  17-25  July  1938,  an  irregular 
series  of  showers  and  thunderstorms  deposited  widely  varying  amounts 
of  rainfall  over  the  eastern  seaboard.  Total  precipitation  exceeded 
10  inches  through  eastern  Connecticut  and  Massachusetts  and  north¬ 
western  Rhode  Island.  The  individual  storms  within  the  8-day  period 
were  not  unusual,  but  the  rapid  sequence  in  which  they  succeeded  one 
another  prevented  the  streams  from  recovering  during  that  inter¬ 
vening  time.  Consequently,  the  streams  were  pushed  to  successively 
higher  stages  in  a  series  of  peaks.  Because  of  this  series  of  rain¬ 
fall  events,  numerous  textile  mills,  homes  and  highways  in  the  lower 
part  of  the  Blackstone  basin  were  flooded.  This  flooding  was  the 
highest  flood  on  record  until  August  1955. 

(3)  The  flood  of  August  1955,  the  maximum  known  to  have 
occurred  on  the  Blackstone  River,  produced  peak  discharges  that  were 
nearly  twice  the  magnitude  of  any  others  experienced  on  this  river. 
The  flood  resulted  from  record  rainfall  accompanying  hurricane 
"Diane"  falling  on  ground  previously  saturated  by  the  precipitation 
of  hurricane  "Connie",  which  had  occurred  only  one  week  earlier. 
Augmented  by  water  released  when  the  Horseshoe  Dam  on  Mill  River 
failed,  the  Blackstone  River  flow  at  Woonsocket,  reached  a  peak 

of  32,900  cfs,  2.2  times  the  previous  peak  flow  which  occurred 
during  the  July  1938  flood.  The  maximum  stage  at  Woonsocket, 
reached  on  19  August  1955,  was  7.4  feet  higher  than  the  maximum 
attained  during  the  July  1938  flood.  Storm  rainfall  in  the  water¬ 
shed  averaged  approximately  13  inches.  Total  rainfall  at  Mendon, 
Massachusetts,  was  13.7  inches  with  5.2  inches  occurring  in  a  2- 
hour  period. 

(4)  The  March  1968  flood  produced  a  single  peak  discharge 
of  15,400  cfs  on  19  March  on  the  Blackstone  River  at  Woonsocket. 

At  this  gaging  station,  the  flood  reached  a  maximum  stage  of  14.6 
feet,  slightly  greater  than  the  14.4  foot  stage  of  July  1938,  and 
much  less  than  the  maximum  stage  of  21.8  feet  recorded  during  the 
August  1955  event.  Like  the  March  1936  flood,  the  March  1968  event 
was  really  the  result  of  precipitation  from  the  two  storms.  The 
first  less  intense  storm  occurred  on  12-13  March.  This  rainfall 
together  with  snowmelt  from  scattered,  sheltered,  and  wooded  areas 
throughout  the  basin  produced  considerable  runoff,  filling  ponds, 
lakes  and  reservoirs  and  contributing  to  local  flooding.  When 
heavy  rainfall  of  the  second  storm  fell  on  17-19  March,  the  ground 
was  fully  saturated  and  surface  water  storage  basins  were  full. 
Conditions  were  right  for  generation  of  the  major  flooding 


that  followed.  Total  storm  rainfall  over  the  basin  during  the 
period  17-19  March  averaged  about  5  inches. 

(5)  In  January  1979,  two  separate  severe  storms,  four 
days  apart,  each  deposited  between  3  and  4  inches  of  rain  over  the 
watershed.  Runoff  from  these  storms  caused  major  flooding  in  some 
unprotected  areas  which  experienced  the  highest  water  levels  since 
August  1955. 

6.  EXISTING  FLOOD  CONTROL  PROJECTS 

a.  Reservoi rs .  Subsequent  to  the  August  1955  flood,  the  Corps 
of  Engineers  built  the  West  Hill  Flood  Control  Reservoir  Project. 
Currently,  there  are  no  other  flood  control  reservoirs  in  existence 
in  the  basin,  nor  are  there  any  authorized. 

West  Hill  Reservoir  is  located  in  the  towns  of  Uxbridge,  North- 
bridge  and  Upton,  Massachusetts,  with  the  dam  proper  located  in 
Uxbridge  on  the  West  River  about  3.2  miles  above  its  confluence  with 
the;  Blacks tone  River.  The  project,  controlling  27.9  square  miles, 
or  approximately  80  percent  of  the  West  River  watershed,  serves 
principally  to  store  flood  waters  providing  stage  reductions  at 
downstream  communities  as  far  south  as  Pawtucket,  Rhode  Island. 
During  normal  riverflow  the  project  also  provides  limited  re¬ 
creational  opportunities.  The  Corps  of  Engineers  has  developed 
a  public  park  within  the  project  with  facilities  for  swimming, 
picnicking  and  other  related  outdoor  activities.  Under  an  in¬ 
tensive  management  program,  the  Massachusetts  Division  of  Fisheries 
and  Game  is  developing  the  fish  and  game  resources  of  reserved 
lands  and  waters. 

The  regulated  storage  capacity  of  the  project  is  12,400  acre- 
teet,  with  a  surface  area  of  1,025  acres  equivalent  to  8.3  inches 
of  runoff  from  its  intercepted  watershed  area.  The  dam  is  a  2,400 
foot  iong,  rolled,  earth-filled  structure  with  a  dumped  rock  shell 
and  has  a  maximum  height  of  48  feet  above  normal  streambed.  In 
addition,  there  are  four  earthen  dikes  totaling  1,200  feei  in  length 
with  a  maximum  height  of  19  feet.  The  project  was  completed  in 
1961.  Its  location  is  shown  on  plate  1. 

b .  Local  Protection  Projects 

(1)  Upper  Woonsocket.  An  Upper  Woonsocket  local  protection 
project  was  completed  by  the  Corps  of  Engineers  in  1959.  This 
project  was  designed  to  protect  an  area  of  Woonsocket,  along  an 
8,300  foot  reach  of  the  Blackstone  River  between  the  Massachusetts 
State  Line  downstream  to  South  Main  Street  bridge,  in  Woonsocket. 
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The  project  affords  complete  protection  to  the  area  agairst  flood- 
flows  equal  to  those  experienced  in  the  August  1955  flood  (29,600 
cfs)  The  project  protects  industrial  properties  in  the  city,  as 
well  as  many  homes,  commercial  establishments  and  extensive  trans¬ 
portation  facilities  and  public  utilities.  In  addition,  it  reduces 
flood  stages  in  the  upstream  communities  of  North  Smithfield,  Rhode 
Island  and  Blackstone,  Massachusetts. 

Major  components  of  the  project  include  channel  improvements, 
construction  of  four  dikes,  a  floodwall  and  pumping  station,  replace¬ 
ment  of  an  industrial  dam,  underpinning  and  modification  of  two 
railroad  bridges,  relocation  of  a  highway  bridge,  and  relocation 
of  four  sewer  siphons  and  two  sewer  lines. 

Channel  improvement  included  widening,  deepening  and  straigh¬ 
tening  6,700  feet  of  the  river  channel  and  constructing  1,600  feet 
of  new  channel  at  the  Singleton  Street  bridge  and  downstream  of  the 
Fairmount  Street  bridge.  The  industrial  area  in  the  vicinity  of 
Singleton  Street  is  protected  by  1,200  feet  of  earth  dikes  and  315 
feet  of  concrete  floodwall  with  a  pumping  station  having  a  capacity 
of  33  cubic  feet  per  second  (cfs)  handling  the  interior  drainage 
during  high  river  stages.  The  Woonsocket  Falls  Dam,  formerly  a 
fixed-crest  masonry  structure  about  100  feet  upstream  of  the  South 
Main  Street  bridge  was  replaced  by  a  266-foot  long  concrete  dam 
equipped  with  four  fainter  gates,  each  measuring  50  feet  wide  by 
10.1  feet  high.  The  piers  of  a  railroad  bridge  at  the  lower  end 
of  the  project  area  were  underpinned  and  an  existing  trestle 
approach  span  was  replaced  by  a  new  50-foot  plate  girder  span  and 
abutment.  A  second  railroad  bridge  located  near  River  Street  was 
also  underpinned. 

The  city  of  Woonsocket  assumed  responsibility  for  the  reloca¬ 
tion  of  the  highway  bridge  at  Singleton  Street,  as  well  as  all 
associated  project  utility  revisions.  It  furnished  lands,  ease¬ 
ments  and  rights-of-way;  and  maintains  and  operates  the  project  as 
provided  by  law.  Subsequent  to  the  implementation  of  the  project, 
the  city  replaced  three  other  highway  bridges  over  the  Blackstone 
River. 

(2)  Lower  Woonsocket.  The  Lower  Woonsocket  local  protection 
project  was  completed  by  the  Corps  of  Engineers  in  1960.  The  project 
is  located  in  Woonsocket  along  the  Blackstone  River  and  the  tri¬ 
butaries,  Mill  and  Peters  Rivers.  The  project  protects  an  area  of 
the  city  downstream  of  the  South  Main  Street  bridge,  supplementing 
the  completed  Upper  Woonsocket  protective  works  upstream. 

The  project  consists  of  4,950  feet  of  channel  improvements  along 
the  Blackstone,  Mill  and  Peters  Rivers;  2,300  feet  of  pressure  con¬ 
duits  on  the  two  tributary  rivers;  alteration  of  utilities;  and 
modification  of  the  Bernon  Street  bridge  to  provide  additional 


channel  capacity  along  *  ■  Blackstone  River.  It  also  affords  pro¬ 
tection  to  the  Social  and  Hamlet  districts  of  Woonsocket  by  10,200 
feet  of  earth  dikes  and  concrete  floodwalls  with  two  pumping 
stations  to  handle  the  interior  drainage  during  flood  periods. 

As  modified  by  West  Hill  Reservoir  in  Massachusetts,  the  project 
was  designed  for  flows  equal  to  those  of  a  standard  project  flood 
as  follows:  Blackstone  River  from  South  Main  Street  bridge  to  the 
confluence  of  the  Mill  and  Peters  Rivers  33,000  cfs,  and  40,000 
cfr.  for  .caches  below  the  confluence.  Design  flows  on  the  Mill 
and  Peters  Rivers  are  8,500  and  3,200  cfs,  respectively.  As 
designed,  the  project  affords  complete  standard  project  flood 
protection  to  the  industrial  and  commercial  establishments  and 
congested  residential  developments  of  the  area. 

c.  Diversion  of  Floodflows.  The  Worcester  Diversion  Project, 
located  in  the  towns  of  Auburn  and  Mi  11  bury  on  the  south  side  of 
Worcester,  was  completed  by  the  Corps  of  Engineers  in  1960.  It 
consists  of  a  bypass  for  floodflows  originating  in  the  30  1  square 

mile  drainage  area  above  the  Leesville  Pond  diversion  structures. 
These  floodflows  would  otherwise  transit  the  northward  looping 
7  miles  of  Kettle  Brook,  Middle  River  and  the  Blackstone  River 
through  heavily  built-up  Worcester. 

The  improvement  includes  a  gated  control  dam  across  leesville 
Pond,  about  1.5  miles  upstream  and  south  of  the  existing  Leesville 
Dam.  lust  upstream  on  the  right  bank,  an  ungated  diversion  weir  and 
intake  structure  provide  entrance  to  a  16- foot  diameter,  concrete 
lined  diversion  tunnel .  The  4,205  foot  tunnel  runs  southeasterly 
and  empties  into  an  11,300  foot  open  channel  which  follows  the 
general  easterly  alignment  of  Hull  Brook  to  the  Blackstone  River. 

The  improvement  also  included  the  construction  of  four  new  highway 
bridges,  including  one  under  1-290,  and  a  railroad  bridge  across 
the  open  channel . 

The  project,  operated  and  maintained  by  the  city  of  Worcester, 
is  designed  for  a  flow  of  6,000  cfs  which  is  75  percent  of  the 
standard  project  flood,  or  50  percent  greater  than  the  record  4,000 
cfs  flood  of  August  1955.  The  Worcester  Diversion  provides  sign¬ 
ificant  reductions  of  floodflows  through  Worcester  where  heavy  flood 
losses  to  industrial,  commercial,  residential,  and  public  property 
have  occurred  in  the  past,  particularly  in  1955. 

d .  Others 

(1 )  Federal 

(a)  Linder  the  flood  emergency  provisions  contained  in 
Public  Law  99,  as  enacted  on  28  June  1955,  emergency  flood  control 


funds  were  provided  following  the  March  1968  flood  for  the  re¬ 
storation  of  a  flood  control  project  along  the  westerly  bank  of 
the  Blackstone  River  in  Blackstone,  Massachusetts  between  St.  Paul 
Street  bridge  and  the  downstream  railroad  embankment.  This  former 
flood  control  project  consisting  of  a  stone  masonry  floodwall  was 
originally  constructed  in  1936  under  the  Emergency  Relief  Act  (ERA) 
for  the  protection  of  the  town  hall,  courthouse  building,  residen¬ 
tial  homes  and  the  town's  recreational  and  athletic  field.  During 
the  March  1968  flood,  the  original  floodwall  was  fractured  and 
collapsed  into  the  river. 

Project  reconstruction  was  completed  by  the  Corps  of  Engineers 
in  1971.  The  project  includes  about  1,025  linear  feet  of  improvement 
consisting  of  863  feet  of  earth  dike,  162  feet  of  stone  slope  pro¬ 
tection  and  appurtenant  works.  The  project,  as  designed,  affords 
protection  for  the  August  1955  flood  of  26,000  cfs  which  is  about 
87  percent  of  the  standard  project  flood  of  30,000  cfs. 

(b)  Disaster  Relief  Operation  (DR)  -  Emergency  funds 
were  expended  by  the  Corps  of  Engineers,  following  the  August  1955 
flood  "Diane",  to  rehabilitate  the  deteriorated  main  stem  channel 
conditions  within  the  State  of  Rhode  Island.  Channel  improvements 
involving  removal  of  obstructions  and  sediment  deposits  were  con¬ 
ducted  for  the  following  communities: 

Towns  of  Cumberland  and  Lincoln 


Removal  of  two  islands  and  bridge  obstructions 
which  inhibited  river  flows. 

Widening  1,900  linear  feet  of  channel  an  addi¬ 
tional  25  to  60  feet. 

City  of  Central  Falls 

Removal  of  over  200  feet  of  sand  and  gravel  bars 
and  protruding  boulders. 

Widening  400  linear  feet  of  channel  an  additional 
20  feet. 

Removal  of  rubbish  and  debris  and  clearing  of  trees 
and  brush  from  riverbanks. 

Removal  of  snags  from  the  channel . 
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City  of  Pawtucket 

Removal  of  rubbish  and  debris  from  riverbanks. 
Removal  of  rock  spur  and  snags  from  the  channel . 


Spoil  areas  were  established  for  the  removed  materials  with  a 
considerable  quantity  of  the  excavated  material  utilized  in  the 
construction  of  temporary  protective  dikes. 

(2)  Non-Federal 

(a)  Commonwealth  of  Massachusetts  -  Subsequent  to, 
and  as  a  result  of  the  severe  damages  experience  in  August  1955,  the 
Massachusetts  Department  of  Public  Works,  Division  of  Waterways, 
completed  modification  and  restoration  of  numerous  damaged  projects 
within  the  Massachusetts  portion  of  the  Blackstone  River  watershed. 

A  synopsis  of  completed  work  is  as  follows: 

Worcester 


Flood  control  work  for  Beaver  Brook  and  Middle 
River  to  relieve  flooding  in  Webster  Square  - 
project  completed  in  August  1960. 

Stream  channel  improvements  and  reinforced  con¬ 
crete  box  culvert  along  Mill  Brook  -  completed 
November  1961. 

Stream  channel  improvement  along  West  Tatnuck 
Brook  -  completed  May  1962. 

Channel  improvement  at  Marshall  Pond  and  Mill 
Brook  -  completed  November  1964. 

Construction  of  reinforced  concrete  box  culvert 
and  incidental  work  along  Mill  Brook  -  completed 
July  1970. 

Mi  1 1  bury 

Channel  improvements  along  Kitchen  Brook  and  the 
Blackstone  River  in  the  upstream  portion  of  the 
town  of  Mi 11 bury  -  completed  prior  to  1960. 

Grafton 


Channel  improvement  and  diversion  of  the  Blackstone 
River  near  Pleasant  Street  in  the  village  of  Saunders- 
town  (Grafton)  into  two  channels  -  the  existing 
channel  plus  a  new  channel  using  the  old  Blackstone 
Canal  alignment. 


Northbridge 

Reconstruction  of  Kupfer  Dam  -  completed  August 

1958. 

Stone  slope  protection  work  at  Riverdale  Street  - 

completed  April  1962. 

Uxbridge 

Reconstruction  of  Rice  City  Dam. 

Supplementing  the  above  projects,  the  Division  of  Waterways 
has  also  reconstructed,  since  the  August  1955  flood,  numerous 
bridges  across  the  Blackstone  River  that  were  either  destroyed 
or  severely  damaged.  Channel  improvements  resulting  from  recent 
interstate  highway  construction  near,  and  in  the  vicinity  of, 
Worcester  have  also  been  completed. 

(b)  State  of  Rhode  Island  -  Other  than  bridges  re¬ 
constructed  by  non-Federal  interests  in  conjunction  with  the  two 
Woonsocket  local  protective  works,  no  flood  control  projects  have 
been  undertaken  or  completed  by  the  State  of  Rhode  Island. 

(c)  Public  -  On  9  September  1972,  the  Blackstone 
River  Watershed  Association  established  "Project  Zap"  and  launched 
the  first  of  several  phases  of  a  massive  clean-up  campaign  for  the 
Blackstone  River.  On  this  day,  "Project  Zap"i  mobilized  10,000 
volunteers  to  remove  more  than  10,000  tons  of  debris  in  a  14-mile 
reach  of  the  Blackstone  River  from  Pawtucket  to  the  Woonsocket 
Falls  Dam,  and  upstream  of  South  Main  Street  Bridge  in  Woonsocket. 

"Project  Zap"  is  a  first  step  in  a  continuing  community  effort 
for  enhancing  the  beauty  of  the  riverbanks  and  the  river  environ¬ 
ment.  The  second  phase,  to  be  accomplished  in  the  near  future, 
would  consist  of  the  removal  of  silt  and  muck  from  the  riverbed, 
thereby  temporarily  producing  a  more  efficient  hydraulic  water 
course.  Concurrent  with  this  clean-up  operation,  a  further  thrust 
would  be  made  to  create  and  establish  a  series  of  mini  strip  or 
linear  parks  along  the  flood  plain  area  of  the  river.  This  would 
inaugurate  a  series  of  recreational  sites  and  areas  to  become  the 
Interstate  Park  system  and  possibly  a  part  of  the  National  Recre¬ 
ational  and  Historic  Parks  managed  by  the  US  Department  of  the 
Interior.  Such  a  bill  was  recently  Introduced  In  the  US  Congress 
by  Representative  Fernand  St.  Germain,  1st  Congressional  District 
of  the  State  of  Rhode  Island. 
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7.  FLOOD  FREQUENCIES  AND  STAGE  DISCHARGE  RELATIONS 

a.  Discharge  Frequencies.  Peak  discharge  frequencies  were 
determined  by  statistical  analysis  of  the  recorded  annual  peak 
flows  at  the  six  gaging  station  sites  In  the  Blackstone  basin. 

The  frequency  analysis  was  made  using  a  Log  Pearson  Type  III 
distribution  In  accordance  with  procedures  described  In  Water 
Resources  Council  Bulletin  No.  17A:  “Guidelines  For  Determining 
Flood  Flow  Frequency".  Well bull  plotting  positions  were  used  for 
plotting  experienced  data,  and  frequency  curves  were  computed  in¬ 
cluding  expected  probability  and  95  and  5  percent  confidence  limits. 
The  finally  adopted  skew  for  each  site  and  resulting  curve,  was 
based  on  analysis  of  the  computed  curves,  the  plotted  data,  con¬ 
sideration  of  regional  skews,  and  hydrologic  experience  and  famil¬ 
iarity  with  the  region. 

The  analysis  and  adopted  curve  for  each  of  the  six  sites  are 
graphically  Illustrated  on  plates  15  through  20.  Recorded  annual 
peak  flows  at  the  six  sites  are  listed  In  table  9.  For  the  Woon¬ 
socket  statistical  analysis,  the  data  prior  to  1960  was  adjusted 
to  reflect  the  present  modifying  effect  of  the  West  Hill  Reservoir. 

b.  Discharge  Frequencies  at  Index  Stations.  Discharge  fre- 
quencies  at  selected  index  stations  were  determined  by  analyzing 
the  adopted  discharge  frequency  curves  at  gaging  sites  and  de¬ 
veloping  relations  between  discharge  frequency  and  drainage  area 
for  Intervening  Index  stations.  Selected  index  stations  and 
developed  discharge  frequencies  for  the  malnstem  Blackstone  River 
are  listed  in  tables  10  and  11.  Similar  analysis  was  also  performed 
on  the  Branch  River. 

c.  Rating  Curves  for  Index  Stations.  Stage-discharge  rating 
curves  were  developed  at  the  established  index  stations  as  follows: 

(1)  For  index  stations  at  gage  sites,  information  was  ob¬ 
tained  from  the  US  Geological  Survey. 

(2)  For  index  stations  at  dams,  rating  curves  were  computed 
using  the  basic  broad  crested  weir  equation  with  computations  for 
both  nonsubmerged  and  submerged  conditions,  where  warranted. 

(3)  At  other  locations,  ratings  were  developed  by  backwater 
computations.  All  ratings  were  checked  against  experienced  high 
water  levels  and  flows,  where  available.  Adopted  stage-discharge 
rating  curves  are  shown  on  plates  21  through  34. 
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TABLE  9 


RECORDED  PEAK  DISCHARGES 
~U55$  GAGING  STATIONS 
(Discharge  )n  cubic  feet  per  second) 


Mater  Year 

Kettle  Brook 
No.  1095 

Northbrldge 
No.  1105 

Woonsocket 
No.  1125 

Branch  River 
No.  1115 

Nlpmuc 
No.  1113 

Chepachet 
No.  1114 

1924 

740 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

1925 

450 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

1926 

400 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

1927 

230 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

1928 

790 

xxxx 

xxxx 

xxxx 

xxxx 

xxxx 

1929 

473 

xxxx 

4,570 

xxxx 

xxxx 

xxxx 

1930 

116 

xxxx 

1,970 

xxxx 

xxxx 

xxxx 

1931 

935 

xxxx 

8,220 

xxxx 

xxxx 

xxxx 

1932 

404 

xxxx 

4,530 

xxxx 

xxxx 

xxxx 

1933 

586 

xxxx 

5,780 

xxxx 

xxxx 

xxxx 

1934 

570 

xxxx 

6,560 

xxxx 

xxxx 

xxxx 

1935 

1,020 

xxxx 

7,500 

xxxx 

xxxx 

xxxx 

1936 

2,520 

xxxx 

15,000 

xxxx 

xxxx 

xxxx 

1937 

429 

xxxx 

6,340 

xxxx 

xxxx 

xxxx 

1938 

1,300 

xxxx 

15,100 

xxxx 

xxxx 

xxxx 

1939 

337 

xxxx 

3,840 

xxxx 

xxxx 

xxxx 

1940 

500 

1,840 

5,850 

1,530 

xxxx 

xxxx 

1941 

219 

1,560 

4,480 

1,480 

xxxx 

xxxx 

1942 

540 

1,600 

5,330 

1,970 

xxxx 

xxxx 

1943 

237 

1,600 

5,310 

2,120 

xxxx 

xxxx 

1944 

291 

1,400 

3,830 

1,300 

xxxx 

xxxx 

1945 

312 

1,440 

3,410 

1,160 

xxxx 

xxxx 

1946 

396 

1,210 

3,830 

1,080 

xxxx 

xxxx 

1947 

213 

1,480 

3,150 

782 

xxxx 

xxxx 

1948 

393 

1,620 

5,810 

1,800 

xxxx 

xxxx 

1949 

162 

768 

2,030 

532 

xxxx 

xxxx 

1950 

195 

1,280 

3,620 

966 

xxxx 

xxxx 

1951 

596 

2,270 

4,920 

1,370 

xxxx 

xxxx 

1952 

508 

1,750 

4,090 

1,310 

xxxx 

xxxx 

1953 

584 

1,860 

5,570 

1,260 

xxxx 

xxxx 

1954 

1,530 

4,510 

9,400 

3,080 

xxxx 

xxxx 

1955 

3,970 

16,900 

32,900* 

4,240 

xxxx 

xxxx 

1956 

852 

2,830 

8,710 

2,550 

xxxx 

xxxx 

1957 

246 

1,500 

3,850 

1,060 

xxxx 

xxxx 

1958 

687 

2,120 

4,980 

1,590 

xxxx 

xxxx 

1959 

747 

2,870 

5,390 

1,640 

xxxx 

xxxx 

1960 

580 

2,520 

5,500 

1,470 

xxxx 

xxxx 

1961 

210 

2,270 

4,020 

1,250 

xxxx 

xxxx 

1962 

270 

2,620 

5,790 

1,170 

xxxx 

xxxx 

1963 

400 

2,350 

4,510 

866 

xxxx 

xxxx 

1964 

195 

1,670 

5,520 

1,500 

xxxx 

xxxx 

1965 

181 

2,280 

5,900 

1,050 

300 

112 

1966 

115 

1,620 

2,280 

742 

150 

148 

1967 

227 

2,010 

7,000 

2,520 

527 

371 

1968 

1,100 

4,760 

15,400 

4,980 

1,020 

1,080 

1969 

480 

3,290 

8,200 

2,560 

603 

456 

1970 

360 

3,470 

8,100 

2,780 

742 

553 

1971 

181 

1,290 

3,090 

784 

203 

180 

1972 

640 

2,820 

8,290 

2,470 

550 

384 

1973 

360 

2,590 

6,940 

2,150 

592 

375 

1974 

200 

2,210 

5,920 

1,790 

501 

428 

1975 

158 

1,510 

3,950 

988 

286 

200 

1976 

154 

2,840 

9,130 

2,780 

600 

Dlscont. 

1977 

220 

1,770 

4,590 

1,440 

305 

xxxx 

1978 

93 

1,560 

9,010 

2,590 

632 

xxxx 

1979 

258 

6,190 

15,900 

5,470 

1,840 

xxxx 

♦Affected  by  the  failure  of 

'  Horseshoe 

Dam  on  Mill 

River 
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INDEX  STATIONS  (BLACKSTONE  RIVER) 

Zone  state  River  Zone  Extent  Index  Station 
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d.  Stage-Frequencies  for  Index  Stations.  Stage-frequency 
curves  for  index  stations  were  developed  using  the  adopted  stage- 
discharge  and  discharge-frequency  relationships.  Developed  stage- 
frequency  curves  are  shown  on  plates  35  through  48. 

8.  ANALYSIS  OF  FLOODS 

a.  General .  The  Blackstone  River  has  been  the  subject  of  a 
number  of  hydrologic  studies  by  the  Corps  of  Engineers  in  the  past, 
particularly  as  related  to  the  planning  design  of  the  West  Hill 
Reservoir  and  Upper  and  Lower  Woonsocket  local  protection  projects. 
These  past  studies  involved  in-depth  analysis  of  past  floods  up  to 
and  including  the  major  August  1955  event.  Current  studies  princi¬ 
pally  involved  supplemental  studies  of  the  more  recent  March  1968 
flood  and  study  of  both  the  1955  and  1968  floods  on  the  Branch 
River.  Past  analysis  of  the  August  1955  flood  development  in  the 
basin  is  graphically  presented  on  plate  49.  An  analysis  of  the  1955 
flood  and  unit  hydrograph  development  for  the  river  at  Woonsocket 
plus  a  summary  of  unit  hydrographs  for  earlier  floods  are  presented 
on  plates  50  and  51,  respectively.  Supplemental  unit  graph  analysis 
of  the  1968  flood  at  Woonsocket  is  shown  on  plate  52,  and  analysis 
of  the  Branch  River  at  Fores tdale  for  both  1955  and  1968  events 

are  shown  on  plates  53  and  54. 

b.  Flood  Profiles.  Flood  profiles  of  recurring  August  1955  and 
March  1968  floods  were  computed  for  both  the  Blackstone  and  Branch 
Rivers.  A  standard  project  flood  profile  was  also  computed  for  the 
main  stem  Blackstone.  Profiles  were  computed  using  the  computer 
program  HEC-2,  "Water  Surface  Profiles",  developed  at  the  Hydrologic 
Engineering  Center,  Army  Corps  of  Engineers,  Davis,  California. 

Flood  plain  topography  was  obtained  from  an  aerial  photogrammetric 
survey  of  the  mainstream  of  the  Blackstone  River  dated  May  1973, 
and  from  a  prior  report  entitled  "Flood  Plain  Information"  -  Black¬ 
stone  River  -  Cumberland,  Rhode  Island  -  June  1971.  Terrain  data 
for  the  Branch  River  basin  was  taken  from  US  Geological  Survey  maps. 
All  data  was  supplemented  by  conventional  ground  surveys  to  determine 
elevations  of  river  structures,  channel  cross  sections  and  bridge 
openings.  Channel  sections  used  in  the  analysis  were  measured  in 
the  field  at  all  river  structures,  and  at  intermediate  points  for 
long  reaches  of  the  river.  Flows  used  in  the  analysis  for  the  1955 
storm  were  obtained  from  past  studies  as  Illustrated  on  plate  49 
with  modifications  for  West  Hill  flood  control  reservoir  and 
Worcester  Diversion.  Flows  used  in  the  analysis  for  the  March  1968 
storm  were  derived  from  recorded  flows  at  Kettle  Brook,  Northbrldge 
and  Woonsocket.  A  discharge-drainage  area  relationship  was  estab¬ 
lished  by  plotting  known  Information  for  the  three  gaging  stations 

on  log-log  paper  and  fitting  a  curve  to  the  three  points.  Flows 
at  key  locations  along  the  river  were  then  obtained  by  computing 
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the  contributing  drainage  area  at  each  point  in  question  and  reading 
the  associated  flow  from  the  log-log  plot.  Similar  drainage  area  - 
discharge  relationships  were  developed  for  the  Branch  River  relating 
flows  to  those  recorded  at  the  Forestdale  gage.  Discharges  used  In 
developing  the  profiles  are  listed  in  tables  12  and  13. 

The  flood  plain  shown  on  the  Blackstone  River  plans  represents 
those  areas  susceptible  to  flooding  as  a  result  of  the  1955  storm 
of  record  and  are  plotted  approximately  using  a  contour  interval 
of  5  feet.  It  is  assumed  no  clogging  of  the  bridge  openings 
occurred.  If  clogging  were  to  develop,  river  stages  immediately 
upstream  of  the  structures  would  rise. 

A  comparison  of  the  recurring  1955  profile  with  the  actual 
storm  profile  indicated  the  effectiveness  of  the  flood  control 
structures  already  in  existence  on  the  river.  The  stage  had  been 
reduced  in  the  Worcester  area  by  the  Worcester  flood  control  di¬ 
version  and  in  the  lower  basin  by  the  West  Hill  flood  control  re¬ 
servoir.  Local  protection  projects  in  Woonsocket  confined  re¬ 
curring  1955  flow  to  the  channel  and  eliminated  considerable  damage 
in  that  area. 

9.  STANDARD  PROJECT  FLOOD 

a.  General .  Standard  project  flood  discharges  for  the  main 
stem  Blackstone  were  determined  in  past  studies,  particularly  in 
connection  with  the  planning  and  design  of  the  Lower  Woonsocket 
local  protection  project  and  the  West  Hill  flood  control  reservoir. 

The  standard  project  flood  was  developed  by  applying  standard 
project  storm  rainfall  excess  to  developed  unit  hydrographs  at 
gaging  sites  and  ungaged  locals,  and  then  progressively  routing 
the  component  hydrographs  downstream.  The  standard  project  flood 
development  for  the  Blackstone  basin  including  adopted  unit  graphs 
is  graphically  illustrated  on  plate  55.  The  standard  flood  is  shown 
at  Woonsocket  both  with  and  without  the  effect  of  the  West  Hill 
project. 

b.  Standard  Project  Storm  Rainfall.  The  standard  project  rain¬ 
fall  was  based  on  criteria  set  forth  in  EM  1110-2-1411.  Total  48- 
hour  storm  rainfall  for  the  entire  basin  was  11.2  Inches,  with  a 
maximum  24-hour  amount  of  9.6  inches.  The  maximum  6-hour  amount 
was  7.4  inches.  Maximum  loss  rates  due  to  infiltration  and  other 
factors  was  assumed  to  be  0.1  inch  per  hour.  Six-hour  rainfall, 
losses  and  excess  amounts  are  listed  in  table  14. 

c.  Flood  Routings.  Approximate  coefficients  for  the  progressive 
average-lag  method  ot  flood  routing  were  developed  for  component 
routing  in  the  Blackstone  basin.  Coefficients  were  based  on  analysis 
of  historic  floods  with  consideration  of  inflow  and  outflow  of  various 
reaches,  distance  of  travel,  and  relative  storage  within  the  reaches. 


29 


TABLE  12 


PEAK  DISCHARGES  FOR  WATER  SURFACE  PROFILES 
- BRANCH  RIVER  BASIN' - 


Location 

Drainage 

Area 

1968 

1955 

Branch  River 

(sq.  ml.) 

(cfs) 

(cfs) 

Junction  w/Blackstone, 

Fores tdale 

93.2 

5,059 

4,307 

#48  Fores tdale  Dam 

91.2 

4,960 

4,240 

#46  Slatersvllle 
(Middle)  Dam 

89.4 

4,905 

4,182 

#43  Slatersvllle 
(Upper)  Dam 

85.8 

4,755 

4,066 

#40  Mohegan  Dam 

72.2 

4,188 

3,629 

#38  Glendale  Dam 

70.7 

4,111 

3,581 

#37  Oakland  Dam 

66.0 

3,868 

3,429 

Junction  w/Chepachet 

65.22 

3,828 

3,404 

Pascoag-Clear  River 

Junction  w/Chepachet 

44.02 

2,529 

2,404 

#8  Harrisville  Dam 

41.3 

2,372 

2,135 

#7A  Graniteville  Dam 
(Former) 

22.5 

1,258 

1,132 

#6  Premier  Worcester 

Dam 

12.4 

659 

593 

#5  Green  Shoddy  Mill 

Dam 

12.3 

653 

588 

#4  Prendergast  Mill  Dam 

12.1 

643 

579 

#3  Wilson  Res.  Dam 

11.7 

622 

560 

Chepachet 

Junction  w/Pascoag 

21.2 

1,299 

1,000 

#10  Mapleville  Dam 

20.0 

1,225 

943 

#35  Gilleram  Mill  Dam 

19.8 

1,213 

934 

#34  Gazzavllle  Dam 

19.3 

1,183 

911 

(Gage  9  Chepachet) 

17.6 

1,078 

830 

#33  Steere's  Dam 

17.4 

1,066 

821 

#26  Valentine  Mill  Dam 

12.2 

748 

576 

#25  Howry  Dam 

12.0 

735 

566 

#23  Smith  &  Sayles 

Res.  Dam 

7.9 

484 

373 

#22  Keech  Pond  Dam 

6.1 

474 

365 

Nlpmuc 

Junction  w/Pascoag 

22.62 

1,452 

1,437 

Nlpmuc  Dam  (Proposed) 

16.3 

1,039 

1,028 

Nlpmuc  Gage 

16.0 

1,020 

1,009 

30 
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TABLE  13 


PEAK  DISCHARGES  FOR  WATER  SURFACE  PROFILES 

- BLRdSTCUr  RIVER  '6AS1H - 


Location 

1968 

(cfs) 

1955 

(cfs) 

Stoneville  Pond 

Worcester  Diversion 

1,100 

3,500 

Consolidated  Rendering  Company  Dam 

100 

500 

Small  Weir 

100 

500 

Worcester  Electric  Dam 

100 

500 

American  Steel  &  Wire,  Dam  No. 

8 

650 

2,500 

American  Steel  &  Wire,  Dam  No. 

9 

650 

2,500 

N.  E.  Power  Company 

3,000 

12,600 

Sagdaw  Storage  Company  Dam 

3,000 

13,600 

Cenco  Mills  Dam 

3,300 

13,800 

Saundersville  Dam 

3,700 

14,000 

Fischer  Manufacturing  Dam 

4,400 

16,200 

J.  J.  O'Donnell 

4,900 

16,000 

Duppfer  Brothers  Dam 

4,900 

14,800 

Rice  City  Pond  Dam 

4,900 

13,800 

Tupper  Dam 

8,000 

18,400 

Saranac  Mills  Dam 

11,600 

21,500 

Woonsocket  Falls  Dam 

12,000 

22,200 

Manville  Mill  Dam 

13,100 

26,100 

Berkshire  Hathaway  Dam 

13,400 

26,000 

Ashton  Fiberglas  Dam 

13,700 

26,000 

Pratt  Dam 

13,700 

26,000 

Sayles  Finishing  Company 

14,800 

25,700 

Pantex  Dam 

15,300 

26,700 

Old  Slater  Mill  Dam 

16,000 

26,700 

BVG  &  E  Company  (Main  St.)  Dam 

16,000 

26,700 

SPF 

(cfs) 


7.700 

1.700 

1,700 

2.500 

5.500 

5,500 

16,650 

16,800 

18,500 

18.500 

19.500 

19,500 
20,900 
19,000 
29,880 
34,760 
35,710 
40,750 
41 ,530 
41 ,400 
43,360 
43,070 
43,290 
43,000 
43,000 
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TABLE  14 


STANDARD  PROJECT  RAINFALL 

OCkSTONE  MVEft  6ASIT 


Time 

(hours) 

Rainfall 

(inches) 

Losses 

(inches) 

Excess 

(inches) 

0 

0 

0 

0 

6 

7.43 

0.6 

6.83 

12 

1.16 

0.6 

0.56 

18 

0.68 

0.6 

0.08 

24 

0.38 

0.38 

0 

30 

1.21 

0.6 

0.61 

36 

0.19 

0.19 

0 

42 

0.11 

0.11 

0 

48 

0.06 

0.06 

0 _ 

Total 

11.22 

3.14 

8.08 

FLOOD  ROUTING  COEFFICIENTS 

Reach 

Coefficients  for 
3-Hour  Periods 

Kettle  Brook  to  Northbridge  gage 

Quinsigamond  River  to  Northbridge  gage 
Northbridge  gage  to  Woonsocket  gage 

7/2 

5/1 

15/5 

Munford  &  West  Rivers  to  Woonsocket  gage 
Woonsocket  gage  to  Pawtucket 

West  Hill  Dam  to  Woonsocket  gage 

11/4 

7/2 

11/2 

3? 


10.  NIPMUC  LAKE  RESERVOIR 


a.  General .  This  proposed  reservoir,  on  the  Nipmuc  River  in 
the  town  of  Burrillville,  Rhode  Island,  would  extend  upstream  across 
the  Rhode  Island-Massachusetts  State  Line  into  the  town  of  Douglas, 
Massachusetts.  The  reservoir,  as  contemplated,  would  be  a  multi¬ 
purpose  facility  providing  a  degree  of  flood  control  along  the  Branch 
River  and  in  the  lower  Blacks tone  River  basin,  and  water  supply  for 
the  northern  area  of  Rhode  Island.  The  dam  would  be  a  zoned  rolled 
earth  embankment,  located  approximately  0.8  mile  above  the  confluence 
of  the  Nipmuc  and  Clear  Rivers  at  Harrisville,  Rhode  Island.  A  con¬ 
crete  chute  spillway  is  proposed  on  the  easterly  abutment  with  a 
control  tower  and  operating  gatehouse  near  the  easterly  abutment  of 
the  dam  (see  plate  56). 

b.  Spillway  Design  Flood  Rainfall .  The  spillway  design  flood 
represents  the  most  severe  conditions  of  runoff  that  would  result 
from  probable  maximum  precipitation  falling  on  ground  saturated 
from  previous  rains.  It  was  also  assumed  that  the  reservoir  would 
be  full  to  the  elevation  of  the  crest  as  a  result  of  such  previous 
rainfall  (i.e.  the  top  of  the  flood  control  pool).  A  discharge  of 
500  cfs  through  the  flood  control  outlet  was  assumed  during  the 
routing  computations  to  determine  the  spillway  design  discharge. 

Two  types  of  spillway  design  floods  were  considered:  (1)  a  summer- 
type  flood  with  reservoir  filled  to  the  top  of  the  flood  control 
pool  at  crest  elevation  and  (2)  a  spring-type  flood  involving  snow¬ 
melt  contributions  with  the  pool  at  maximum  water  supply  elevation. 

The  summer-type  flood  was  determined  to  be  critical. 

c.  Probable  Maximum  Precipitation.  Values  of  rainfall  for  the 
spillway  design  flood  were  obtained  as  Probable  Maximum  Precipitation 
from  "Hydrometeorological  Report  No.  33  -  Seasonal  Variations  of 
the  P.M.P.  East  of  the  105th  Meridian",  dated  April  1956,  as  prepared 
by  the  Hydrometeorological  Section  of  the  US  Weather  Bureau.  The 
adopted  storm  was  adjusted  to  conform  to  this  drainage  basin.  Losses 
from  infiltration,  surface  detention  transpiration  and  other  tangible 
factors  were  assumed  at  a  rate  of  0.15  inch  per  3-hour  period  which 
is  consistent  with  minimum  losses  determined  in  previous  studies 

for  the  New  England  area.  Rates  of  precipitation,  losses  and  rain¬ 
fall  excess  as  used  in  the  selected  storm  pattern  to  compute  spill¬ 
way  uesign  flood  inflow  are  shown  in  table  15. 

d.  Spillway  Design  Flood  Hydrograph.  The  spillway  design 
flood  representing  the  inflow  to  a  full  reservoir  is  shown  on  plate 
57.  It  was  derived  by  applying  the  rainfall  excess  of  table  15  to 
the  developed  unit  hydrograph,  shown  on  plate  58,  plus  a  flow  equal 

to  the  rate  of  rainfall  on  the  1.4-square  mile  reservoir  water  surface 
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area.  An  assumed  base  flow  of  100  to  250  cfs  was  also  added  to  the 
flood  runoff.  The  peak  of  the  spillway  design  flood  Inflow  was  10, 
121  cfs,  equivalent  to  679  cfs  per  square  mile. 


TABLE  15 

PROBABLE  MAXIMUM  PRECIPITATION 

(SFillwAY  design  stormT 


Rainfall 

Runoff 

Time 

Rainfall 

Losses 

Excess 

Pattern 

(hours) 

(inches) 

(inches) 

(inches) 

(inches) 

0 

0.00 

0.00 

0.00 

0.00 

3 

11.75 

0.15 

11.60 

0.60 

6 

5.95 

0.15 

5.80 

0.70 

9 

2.25 

0.15 

2.10 

1.40 

12 

1.55 

0.15 

1.40 

11.60 

15 

1.35 

0.15 

1.20 

5.80 

18 

1.15 

0.15 

1.00 

2.10 

21 

0.85 

0.15 

0.70 

1.20 

24 

0.85 

0.15 

0.70 

1.00 

27 

0.75 

0.15 

0.60 

0.70 

30 

0.75 

0.15 

0.60 

0.60 

Total 

27.20 

1.5 

25.70 

25.70 

e.  Development  of  Spillway  Surcharge  -  Length  Curve.  The  spill 
way  capacity  was  derived  in  accordance  with  established  procedures , 
using  the  unit  hydrograph  and  the  synthetic  storm  of  probable  maxi¬ 
mum  precipitation,  centered  over  the  watershed.  The  spillway  design 
floods  were  routed  through  the  surcharge  storage,  assuming  the  out¬ 
let  operative,  to  determine  various  lengths  of  spillway  versus 
elevation  (see  plate  59).  The  selected  length  of  spillway  and  corres 
ponding  surcharge  was  based  on  the  most  economical  comb .nation. 

f.  Spillway  Site  and  Type.  Selection  of  the  zoned  rolled  earth 
fill  dam  embankment  and  topography  of  the  site  were  the  basis  for 
selecting  an  uncontrolled  overflow  chute  spillway.  The  spillway 
would  be  located  on  the  easterly  abutment  and  would  be  constructed 

as  one  monolith.  The  overflow  section  of  the  dam  would  be  an  ogee- 
shape  crest,  parallel  vertical  training  walls  to  contain  the  flow 
and  limit  spray  and  a  curved  concrete  chute  discharge  channel.  To 
dissipate  high  discharge  velocities,  a  stilling  basin  and  riprap 
discharge  channel  would  be  provided. 


g.  Spillway  Design,  Size  and  Shape.  The  spillway  would  be  a 
chute  type,  located  on  the  southeast  abutment.  The  weir  would  be 
an  ogee  section,  straight  in  plan  and  founded  on  bedrock.  The 
length  of  the  spillway  weir  would  be  60  feet  at  crest  elevation, 

401  feet  above  mean  sea  level.  Height  of  the  weir  above  the  spill¬ 
way  approach  would  be  5  feet  making  the  maximum  elevation  of  the 
approach  396  feet  mean  sea  level  at  the  upstream  face.  The  approach 
channel  would  slope  toward  the  reservoir  on  a  1  percent  grade  for 
drainage.  The  concrete  chute  spillway,  1200  feet  long,  would 
return  its  discharges  to  the  Nipmuc  River  through  a  tail water 
channel  excavated  in  the  overburden.  It  was  assumed  that  critical 
depth  and  velocity  conditions  would  be  attained  just  downstream 

of  the  crest  centerline.  It  was  estimated  that  the  supercritical 
depth  before  the  hydraulic  jump  on  the  chute  having  a  5  percent 
grade  would  be  1.83  feet  with  a  velocity  of  60+  ft/sec.  The  chute 
would  be  a  smooth  concrete  channel  with  sidewaTl  heights  ranging 
from  15.0  feet  at  the  crest  to  5.0  feet  at  the  start  of  the  hydraulic 
jump.  Maximum  tail water  depth  was  calculated  to  be  20.0  feet;  how¬ 
ever,  site  conditions  in  the  flat  lowlands  of  the  valley  would 
produce  a  backwater  condition  at  the  dam  with  a  water  surface  not 
exceeding  elevation  345.0  msl,  so  that  the  change  in  stage  of  flow 
would  probably  occur  at  a  lower  elevation  and  downstream  from  the 
spillway  toe.  A  60-foot  long  stilling  basin  for  energy  dissipation 
would  be  provided  at  the  terminus  of  the  spillway.  Beyond  the 
stilling  basin  a  30-foot  wide  discharge  channel  would  lead  to  the 
Nipmuc  River  (see  "Inflow-Outflow  Diagram",  plate  60). 

h.  Storage  Requirements. 

(1)  Flood  Control.  Flood  control  reservoirs  in  New  England, 
constructed  by  the  Corps  of  Engineers,  generally  have  capacities 
equivalent  to  6  to  8  inches  of  runoff  from  the  contributing  drain¬ 
age  areas.  The  exact  amount  of  storage  is  dependent  on  the  geo¬ 
graphic  location  of  the  reservoir  and  physical  limitations  of  the 
site.  This  amount  of  storage  is  required  for  effective  control 
of  the  standard  project  flood  and  also  for  control  of  floods,  the 
magnitude  of  such  historical  events  as  the  August  1955  or  more 
recently  the  March  1968  flood. 

Hydrologic  characteristics  of  the  watershed  dictated  that  at 
least  6  inches  (5,200  acre -feet)  of  flood  storage  be  recommended 
for  authorization.  Based  on  US  Geologic  Survey  mapping  of  the  area, 
the  Nipmuc  Project  would  provide  flood  control  storage  for  16.3 
square  miles  of  contributing  drainage  area,  which  represents  approx¬ 
imately  3  percent  of  the  entire  Blackstone  River  basin  at  Pawtucket. 


Natural  discharge  frequency  curves  were  developed  for  the  Branch 
and  Blackstone  Rivers  (Woonsocket)  gaging  stations  as  well  as  the 
lower  Blackstone  River  basin  at  Pawtucket.  The  Nipmuc  Project  would 


reduce  floodflows  at  Woonsocket  by  a  6  and  3  percent  for  the  1968 
and  1955  floods,  respectively.  In  a  recurrence  of  these  floods, 
the  reservoir  would  generally  reduce  the  flood  stages  at  Woonsocket 
by  0.4  foot  and  would  become  progressively  less  downstream  to  about 
0.2  foot  at  Old  Slater  Dam  In  Pawtucket.  Area-capacity  curves  as 
well  as  reservoir  storage  capacities  for  Nipmuc  Reservoir  are  shown 
on  plates  61  and  62,  respectively. 

(2)  Water  Supply.  For  a  "Development  Plan  for  the  Water 
Resources  of  Rhode  Island*,  August  1967  by  Metcalf  and  Eddy,  Inc. 
to  the  Water  Resources  Coordinating  Board,  a  plan  was  presented  where¬ 
by  a  Nipmuc-Tarkiln  Reservoir  development  would  be  considered.  In 
this  plan,  the  Tarkiln  Reservoir  would  be  constructed  by  the  year 
1990  and  supplemented  by  flood  skimming  from  a  diversion  structure 
at  Nipmuc  Reservoir.  In  1995  the  Nipmuc  Reservoir  would  then  be 
fully  developed  with  transmission  facilities  to  Tarkiln  Reservoir 
and  would  produce  an  aggregate  safe  yield  of  14  mgd. 

This  study,  considered  Nipmuc  Reservoir  as  an  alternate  solution 
to  the  single  purpose  facility  at  the  Nipmuc-Tarkiln  sites.  Growth 
figures  developed  by  the  Rhode  Island  Statewide  Planning  Agency  to 
the  year  2020  were  used  to  select  a  yield  of  10  mgd  for  the  water 
supply  component  of  a  multipurpose  reservoir.  A  yield  of  10  mgd 
would  require  a  reservoir  storage  of  11,500  acre-feet  or  the  equi¬ 
valent  of  13.22  inches  of  rainfall  on  the  watershed. 

Monthly  mean  flow  data  was  derived  from  the  recordings  of  the 
Nipmuc  River  flow  gage  from  the  US  Geological  Survey.  The  station 
was  established  in  March  1964  and  data  has  been  accumulated  con¬ 
tinuously  to  the  present.  Although  the  data  is  limited,  it  does 
reflect  a  recent  drought  period  starting  in  April  1964  through 
February  1967.  The  data  was  adjusted  for  precipitation  and  evap¬ 
oration  and  plotted  as  an  accumulated  mass  inflow  curve  shown  on 
plate  63. 


(3)  Low  Flow  Augmentation.  An  examination  of  the  limited 
available  records  for  the  Nipmuc  River  gaging  station  Indicates  that 
the  mean  discharge  for  the  lowest  ten  consecutive  days,  3-12  September 
1965,  discharge  was  0.59  cfs  for  the  16.0  square  mile  drainage  basin. 
Although  this  is  generally  the  method  used  to  determine  low  flow 
releases,  an  adopted  value  of  0.2  cfs  per  square  mile  has  been  used. 
This  would  be  equivalent  to  3.0  cfs  or  2.0  mgd. 

(4)  Dead  Storage.  A  dead  storage  of  1,000  acre-feet  (1.15 
Inches  of  runoff)  with  a  pool  elevation  of  354.0  msl  will  also  be 
provided.  This  storage  will  increase  the  head  of  the  reservoir  for 
water  supply  discharges  as  well  as  provide  a  sump  area  for  collection 
of  sedimentation  accumulations. 


36 


\  f 


i.  Evaporation  on  Proposed  Reservoir  Storage.  To  estimate 
the  evaporation  losses  from  Nlpmuc  Dam  Reservoir*  evaporation  maps 
from  the  US  Weather  Bureau  Technical  Paper  37.  Washlnoton,  D.  C. 
1959  were  used.  The  following  pertinent  data  from  this  technical 
paper  for  the  proposed  site  are  as  follows: 

Surface  area  of  reservoir  (El.  385  msl)  -  460  acres 

Mean  annual  evaporation  -  27.0  inches/year 

Average  May  to  October  evaporation  In  percentage 
of  annual  -  75  percent,  20.25  Inches 

Plan  evaporation  factor  -  0.70  to  0.80 

Adopted  year  for  analysis  of  evaporation  - 
October  1964  to  September  1965 

Adopted  total  evaporation  (an  increase  of  10  percent 
to  account  for  water  year  1965  -  maximizing  conditions)  - 
27.0  X  1.10  =  29.80  inches 

Total  precipitation  on  reservoir  for  water  year  October 
1955  to  September  1956  -  24.28  inches 

Assuming  50  percent  of  this  rainfall  to  be  additional 
input  on  inflow,  the  net  loss  of  evaporation: 

29.80  inches  -  12.14  inches  =  17.67  inches  =  676  acre- 
feet  =  0.5999  mgd 


Say  0.60  mgd 

Consequently,  during  a  dry  year  similar  to  October  1964  to 
September  1965,  net  evaporation  loss  will  equal  0.60  mgd  through¬ 
out  the  year. 

j.  Sedimentation  Effects  on  Storage  Requirements.  Historically, 
loss  of  storage  for  the  New  England  region,  fn  general,  has  been  a 
negligible  problem.  At  Nipmuc  Reservoir,  the  dead  storage  proposed 
is  approximately  1,000  acre-feet,  and  the  recreational  storage, 

3,900  acre-feet.  Using  an  accepted  rate  of  sedimentation  for  New 
England  of  0.01  inch/year,  calculations  indicate  that  loss  of  the 
dead  storage  of  1,000  acre-feet,  requires  an  erosion  of  1.17  Inches 
from  che  contributing  watershed  which  would  likely  occur  in  a  time 
period  of  greater  than  100  years.  Sedimentation,  therefore,  is  not 
considered  a  significant  factor  in  loss  of  storage. 
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k.  Downstream  Channel  Capacities.  Cross  sectional  areas  and 
channel  capacities,  downstream  from  the  dam  are  considered  In¬ 
adequate  to  provide  desired  emptying  rates  from  the  project.  Since 
Its  establishment  in  1964,  the  Nlpmuc  River  gage  has  recorded  dis¬ 
charges  greater  than  1,000  cfs  (1968).  Although  no  significant 
damage  was  reported  In  1968  from  the  1,000  cfs  discharge,  an 
adopted  design  emptying  flow  of  500  cfs,  which  represents  a  run¬ 
off  rate  of  30  cfsm,  has  been  selected.  To  contain  this  design 
flow  within  the  downstream  channel  banks,  Improvements  will  be 
needed  from  the  dam  site  to  Shi  pee  bridge  at  Sherman  Road. 

l .  Outlet  Works. 

(1)  General .  The  outlet  works  for  Nipmuc  Reservoir  will 
consist  of  separate  flood  control  and  water  supply  systems,  with 
capacity  of  the  outlets  adequate  to  satisfy  the  following  criteria: 

Passing  the  required  needs  of  water  supply  up  to  three 
times  the  maximum  yield  available  (10.0  mgd  x  3  =  30  mgd 
or  46  cfs) 

Passing  low  flow  discharges  without  interference  to  water 
supply  (3  cfs) 

Passing  the  10-year  frequency  storm  plus  inflows  during 
the  construction  period  with  3.0  feet  of  freeboard  for 
the  construction  cofferdam 

Passing  normal  flows  of  the  stream  and  safe  channel 
capacities  (500  cfs) 

Permitting  evacuation  of  the  flood  control  reservoir 
(5,200  acre-feet)  and  inflow  within  10  days  and  full 
reservoir  within  25  days 

Permitting  evacuation  of  the  water  supply  storage  and 
Inflow  during  130  days. 

(2)  Outlet  Works.  The  outlet  works  will  be  located 
approximately  700  feet  west  of  the  easterly  abutment  and  will  con¬ 
sist  of  an  Inlet  channel,  a  control  tower,  a  conduit  under  the  dam 
and  an  outlet  channel.  Location  of  the  outlet  works  is  shown  on 
the  General  Plan,  plate  56. 

(a)  Inlet  Channel.  A  600-foot  long  channel  of  a 
uniform  width  will  be  excavated  in  earth,  with  bottom  elevation 
at  334.0  mean  sea  level.  The  channel  will  be  curved  In  plan. 


(b)  Control  Tower  and  Operating  House.  The  intake 
tower  will  house  the  flood  control  and  water  supply  outlets.  It 
will  be  a  dry  well  type  structure  about  100  feet  In  height  and  will 
be  located  about  200  feet  upstream  from  the  centerline  of  the  dam. 

A  service  bridge  will  provide  access  from  the  top  of  the  dam. 

The  intake  structure  at  the  base  of  the  tower  will  have  an 
invert  elevation  of  339.0  feet  msl  and  will  consist  of  a  10-foot 
wide  by  8-foot  high  trash  bar  structure,  a  rectangular  entrance 
conduit  5-feet  wide  by  5-feet  high  with  a  vertical  slide  service 
gate  and  an  emergency  slide  gate  of  the  same  dimensions.  A  vent 
pipe  will  be  installed  within  the  tower  to  satisfy  the  air  demand 
at  the  service  gate  when  operating  at  partial  openings.  Pro¬ 
visions  will  be  Included  on  the  upstream  face  of  the  tower  to  permit 
lowering  steel  bulkheads  for  repair  of  the  conduit  or  emergency 
slide  gate. 

The  water  supply  outlet  works  will  consist  of  four  2,-6,,x3‘ 
screened  inlets,  controlled  by  30-inch  knife  gates,  discharging 
into  a  48-inch  diameter  standpipe.  Externally  mounted  slide  gates 
will  be  provided  at  each  intake  for  emergency  closure.  The  vertical 
standpipe  will  discharge  into  a  rectangular  conduit  at  a  point  up¬ 
stream  from  a  4  x  4-foot  slide  gate.  The  rectangular  conduit  will 
transition  into  a  36-inch  diameter  pipe  leading  to  the  treatment 
facilities.  Centerline  elevations  of  water  supply  inlets  will  be 
390,  378,  366,  and  356.  Two  cross  connections  between  the  48-ima 
flood  control  outlet  pipe  and  the  36-inch  water  supply  discharge 
will  be  made.  A  16-inch  pipe  with  gate  will  be  used  to  discharge 
low  flow  augmentation  releases  and  a  36-inch  line  with  gate  will 
be  used  for  emergency  flood  control  or  water  supply. 

The  intake  tower  will  contain  three  floors:  (1)  the  heater 
room  floor  (elev.  404);  (2)  operating  floor  (elev.  417);  and  (3) 
the  equipment  room  floor  (elev.  432).  The  tower  will  house  the 
hydraulic  system  for  operation  of  the  gates,  a  continuous  water- 
stage  recorder,  an  emergency  generator,  an  overhead  high  lift  crane, 
a  forced  warm  air  heating  system  and  other  appurtenant  equipment. 
Electric  power  will  normally  be  obtained  from  commercial  sources. 

A  metal  spiral  ladder  will  be  provided  for  access  to  the  lower  tower 
for  frequent  inspection,  servicing  and  operation  of  gates,  valves, 
and  pumps. 

(c)  Conduit  and  Transition.  It  is  estimated  that 
the  rectangular  conduits  from  the  48-inch  diameter  water  supply 
standpipe  and  the  flood  control  inlet  will  transition  to  circular 
sections  within  the  limits  of  the  control  tower  configuration. 

The  control  tower  will  be  founded  directly  on  bedrock. 
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(d)  Outlet  Channel.  The  outlet  channel  excavated 
in  earth  will  be  30  feet  wide  and  extend  700  feet  to  its  junction 
with  the  spillway  discharge  channel.  High  velocities  will  require 
stone  slope  and  bottom  protection. 

m.  Freeboard.  Freeboard  refers  to  the  difference  in  elevation 
between  the  maximum  water  surface  and  the  top  of  the  nonoverflow 
section  of  the  earth  embankment  of  the  dam.  A  determination  of  wave 
height,  run-up  and  wind  setup  followed  the  procedure  outlined  In 
Technical  Memorandum  No.  132  -  "Waves  in  Inland  Reservoirs".  Winds 
producing  the  maximum  waves  and  setup  on  the  riprap  slope  of  Nipmuc 
Reservoir  dam  would  have  to  be  aligned  in  a  north-south  direction 
due  to  the  configuration  of  the  water  surface.  Although  it  is 
unlikely  that  hurricane  force  winds  would  occur  simultaneously  with 
maximum  reservoir  surcharge,  wind  velocities  of  70  mph  across  the 
water  surface  were  selected  for  computation  of  the  wave  height  and  • 
setup.  A  maximum  effective  fetch  of  1.8  miles  was  used.  Results 
indicated  a  significant  wave  height  of  3.9  feet,  a  wave  run-up 
ratio  of  1.15:1.0  and  a  wind  setup  of  0.10  feet  totaling  4.65  feet. 

A  value  of  5.0  feet  was  adopted  as  the  minimum  allowable  freeboard. 

n.  Reservoir  Regulation.  Nipmuc  River  Reservoir  will  be 
regulated  to  reduce  flows  at  downstream  damage  centers  on  the 
Pascoag,  Branch  and  Blacks tone  Rivers.  Outlet  gates  would  be 
partially  or  completely  closed  whenever  flood  discharges  were  ex¬ 
pected  to  exceed  the  downstream  channel  capacity,  or  when  flood 
damages  were  anticpated.  The  reservoir  will  also  be  regulated  in 
conjunction  with  West  Hill  Reservoir  on  the  West  River  in  south¬ 
eastern  Massachusetts  to  modify  floods  on  the  Blackstone  River 

at  Woonsocket,  Cumberland-Lincoln,  Central  Falls  and  Pawtucket. 

Water  supply  capacity  of  the  reservoir  will  be  controlled  to  meet 
the  needs  of  the  anticipated  users.  As  these  needs  increase,  the 
manner  of  regulation  will  be  adjusted.  Under  present  conditions, 
downstream  flows  are  not  regulated  by  State  law,  however,  a  low 
flow  release  of  2.0  mgd  exists.  This  flow  is  considerably  greater 
than  the  natural  flow  for  extended  periods  in  dry  years.  In  addition, 
downstream  riparian  and  water  right  agreements  will  need  to  be 
satisfied. 

11.  HYDRAULICS  OF  LOCAL  PROTECTION  PROJECTS 

a.  Berkeley  Local  Protection  Project 

(1)  Description  of  Improvements.  The  proposed  Berkeley 
Local  Protection  Project  would  be  located  on  the  east  bank  of  the 
Blackstone  River,  extending  from  river  stations  280+00  to  320+00 
in  Cumberland.  The  project  would  include  construction  of  about 
5,000  feet  of  earth  dike  embankment  and  floodwalls,  two  railroad 
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gate  structures,  one  highway  gate  structure,  and  one  pumping  station 
with  appurtenant  structures  to  be  located  just  downstream  from  Martin 
Street  bridge  (see  plate  64,  and  the  Plan  Formulation  Appendix). 


(2)  Height  of  Protection.  The  project  would  be  designed 

to  protect  against  standard  project  flood  levels  in  the  river.  Mater 
surface  profiles  on  the  Blackstone  River  were  computed  for  the  SPF 
peaks  using  the  computer  program  developed  by  the  Hydrologic 
Engineering  Center,  Davis,  California.  A  rating  curve  was  developed 
for  the  Pratt  Dam  downstream  from  the  site  to  obtain  the  starting 
elevation  for  the  water  surface  profile  for  the  design  flood.  From 
river  stations  280+00  upstream  to  320+00  water  surface  elevations 
range  from  elevations  75.0  to  84.5  In  this  reach,  with  the  im¬ 
provement  in  place,  the  river  will  be  confined  within  the  river- 
bank  on  the  east  bank  and  the  Blackstone  Canal  bank  on  the  west. 
Confining  the  flows  caused  the  standard  project  water  surface  to 
rise  from  81  feet  N6VD  to  84  at  the  upstream  end  of  the  project,  an 
increase  of  3  feet.  Similarly,  the  August  1955  flood  level  would  be 
increased  from  77  to  78.5  feet  NGVD  at  the  upstream  end  of  the  pro¬ 
ject.  However,  it  was  found  that  the  with  and  without  project  pro¬ 
files  would  converge  quite  rapidly  upstream  of  the  project  with  the 
August  1955  flood  profile  reducing  to  a  0.7  foot  difference  about 
2,000  feet  upstream.  The  design  water  surface  elevation  was  com¬ 
puted  from  backwater  calculations  using  an  "n"  value  of  0.030. 

Average  velocities  range  from  14  feet  per  second  downstream  from 
the  Martin  Street  bridge  to  7  feet  per  second  upstream  at  the  upper 
end  of  the  project.  Losses  through  the  Martin  Street  bridge  were 
about  3  feet  using  contraction  and  expansion  coefficients  of  0.1 
and  0.3,  respectively.  A  minimum  freeboard  of  3  feet  was  used 
throughout  the  project.  Plan  and  profiles  of  the  project  are 
shown  on  plate  65.  Hydraulic  computations  were  based  on  a  minimum 
of  cross  section  data  and  more  detailed  surveys  and  analysis  would 
have  to  be  made  a  part  of  any  further  design  studies.  The  river- 
ward  slope  of  the  dike  would  be  riprap  protected  against  flow 
velocities  and  the  possible  need  for  right  bank  protection  would 
also  be  the  subject  of  further  study  during  any  final  design. 

(3)  Interior  Drainage.  The  total  interior  area  inter¬ 
cepted  by  the  Berkeley  Frotection  would  be  270  acres.  Of  this  total 
about  26  percent  or  70  acres  is  the  low  level  area  lying  west  of  the 
Providence-Worcester  railroad.  This  low  level  area  is  below  the 
design  flood  level  of  the  river.  The  high  level  area  is  generally 
that  area  lying  east  of  the  railroad,  is  200  acres  in  size  and 
above  the  design  flood  level  of  the  river.  The  interior  area  con¬ 
tains  light  to  moderate  development  comprised  of  commercial,  in¬ 
dustrial  or  residential  properties. 
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Runoff  rates  from  the  Interior  area  were  computed  assigning  hourly 
runoff  equal  to  hourly  rainfall,  of  varying  frequencies  as  determined 
from  US  Weather  Bureau  Technical  Paper  No.  40,  less  an  assumed  loss 
rate  of  0.1  inch  per  hour. 

Elevation-storage  data  was  computed  for  the  Interior  area  and 
levels  A»  B,  and  C  established  In  accordance  with  EM  220-2-1410. 

Ponding  levels  were  then  determined  for  a  range  of  runoff 
frequencies  and  assumed  discharge  capacities  as  shown  graphically 
on  plate  66.  Gravity  discharge  capacity  and  pumping  station  capacity 
were  then  selected  based  on  potential  damages,  frequency  of  occur¬ 
rence  and  overall  project  objectives.  The  selected  gravity  capacity 
was  530  cfs  which  would  prevent  100-year  frequency  runoff  from  ex¬ 
ceeding  ponding  level  "A",  elevation  65  feet  NGV0.  The  selected 
pumping  capacity  of  180  cfs  will  maintain  a  5-year  frequency  run¬ 
off,  coincident  with  high  river  stage,  within  ponding  level  "B", 
and  would  maintain  a  100-year  storm  runoff,  coincident  with  high 
river  stage,  below  level  "C",  elevation  69.5  feet  NGVD. 

Local  officials  would  be  charged  with  operating  and  maintaining 
the  project.  As  part  of  the  local  assurances,  10  acre-feet  of 
useable  storage  would  be  specifically  preserved  as  ponding  area 
below  elevation  65  feet  NGV0,  no  new  development  would  be  permitted 
In  the  protected  area  having  first  floor  grades  below  elevation 
69.5  feet  NGVD  and  zoning  would  be  enacted  to  prevent  undue  loss 
of  existing  storage  capacity  below  elevation  69.5  feet  NGVD.  The 
operating  floor  of  the  pumping  station  would  be  at  or  above  ele¬ 
vation  69.5  feet  NGVD  and  equipped  with  two  or  more  pumps  so  that 
the  station  would  have  two-thirds  design  capacity  with  one  pump 
Inoperable.  Discharge  lines  from  the  station  would  pass  over  the 
dike  and  all  gravity  drains  would  be  equipped  with  emergency  gates 
on  the  rlverward  side  of  the  dike. 

An  alternative  interior  drainage  plan  was  studied  but  found 
more  costly.  It  consisted  of  intercepting  150  acres  of  the  high 
level  drainage  at  three  different  points  and  conveying  the  runoff 
through  the  low  area  via  two  pressure  conduits,  one  42  inches  in 
diameter  and  the  other  72.  This  plan,  would  greatly  reduce  the 
drainage  Into  the  low  level  area  but  would  not  alleviate  the  need 
for  a  smaller  capacity  pumping  station.  This  plan  would  have  a 
pumping  capacity  requirement  of  36  cfs  to  be  comparable  to  the 
recommended  plan  having  a  pumping  capacity  of  180  cfs.  The  cost 
of  the  alternative  pressure  conduit  plan  was  found  to  be  about 
85  percent  more  costly  than  the  recommended  plan. 


b.  Ashton  Local  Protection  Project 

i 

(1)  Description  of  Improvements.  The  plan  of  improve¬ 
ment  at  Ashton  would  be  located  on  the  east  bank  of  the  Blacks tone 
River,  extending  from  river  stations  330+00  to  350+00  in  Cumber¬ 
land.  The  project  would  consist  of  about  2,000  feet  of  concrete 
floodwall,  400  feet  of  earth  embankment  dike,  two  railroad  gate 
structures,  and  one  pimping  station  with  appurtenances  (see  plate 
67). 

(2)  Mater  Surface  Profiles.  Design  SPF  water  surface 
profiles  for  the  project  were  computed  using  the  "Backwater  Computer 
Program"  mentioned  earlier  in  this  report.  A  rating  curve  was 
developed  for  Pratt  Dam  downstream  from  the  site  to  obtain  a 
starting  water  surface  elevation.  From  river  stations  330+00 
upstream  to  350+00,  water  surface  elevations  ranged  from  elevations 
84.5  to  89.0  msl  assuming  that  dike  protection  had  been  provided 

at  the  Berkeley  local  protection  project  just  downstream.  In  this 
reach,  with  the  improvement  in  place,  the  river  would  be  confined 
within  the  riverbanks  on  the  east  bank  and  the  Blacks tone  Canal 
bank  on  the  west.  The  design  water  surface  profile  was  computed 
using  a  Manning's  "n"  coefficient  value  of  0.03.  Average  velocities 
ranged  from  6  feet  per  second  at  the  downstream  limit  of  the  project 
to  11.0  feet  per  second  at  the  upstream  limit  near  the  Ashton  Fiberglas 
dam.  A  freeboard  allowance  of  3  feet  was  used  throughout  the  project. 


(3)  Interior  Drainage.  The  protection  at  Ashton  would 
intercept  the  runoff  from  1 ,0/4  acres  of  interior  area,  with  much 
of  this  area  drained  by  Scott  Brook.  The  interior  drainage  plan 
would  convey  Scott  Brook,  with  a  drainage  area  of  1,048  acres, 
through  the  protected  area  in  a  pressure  conduit.  The  pressure 
conduit  would  be  sized  for  a  100-year  frequency  runoff  of  900  cfs 
based  on  the  rational  formula  using  a  coefficient  of  0.4.  Runoff 
from  the  residual  26  acres  would  be  allowed  to  pond  to  shallow  depths 
(inches)  during  intense  rainfall,  but  a  small  20  cfs  pumping  station 
would  be  provided  to  prevent  long  term  or  accumulative  ponding.  An 
interior  collector  drain  would  be  provided  along  the  protection  with 
capacity  to  convey  the  10-year  storm  runoff.  Gravity  drains  would 
be  designed  to  discharge  a  100-year  storm  runoff  against  normal  river 
level . 

12.  HYDRAULICS  OF  DAM  REPLACEMENTS 

In  an  effort  to  reduce  flood  stages  on  the  Blackstone  River, 
analyses  were  made  of  possible  modifications  to  and/or  removal  of 
existing  dams  located  on  the  main  stem  of  the  lower  Blackstone  River 
in  the  vicinity  of  Pawtucket,  Rhode  Island. 


.  Old  Slater  Mill  Dam 


(1)  Description  of  Existing  Dam.  Old  Slater  Mill  on  the 
lower  Blackstone  River  at  Pawtucket,  (see  plate  68)  is  part  of  a 
historical  site  listed  on  the  Federal  Register  (i.e.  Slater  Mill 
was  the  first  successful  cotton  spinning  mill  in  the  United  States). 
The  dam  Is  owned  by  the  Blackstone  Valley  Electric  Company  and 

lies  in  the  center  of  a  highly  industrial  and  commercial  area.  The 
east  abutment  of  the  dam  appeared  to  be  constructed  on  bedrock 
while  the  west  abutment  is  an  integral  part  of  the  supporting  wall 
for  the  historic  Slater  Mill.  For  historic  as  well  as  aesthetic 
reasons,  the  dam  should  not  be  removed  nor  its  upstream  pool 
jeopardized  as  part  of  any  proposal  for  reducing  flood  stages. 

(2)  Proposed  Dam  Modifications.  The  following  modifications 
to  Old  Slater  Mill  Dam  were  considered  in  an  effort  to  reduce  flood 
stages  on  the  Blackstone  River: 

(a)  Diversion  of  floodflows  over  the  easterly  bank 
of  the  existing  dam  via  a  proposed  conduit 

(b)  Lengthening  the  present  crest  from  176  to  250  feet 

(c)  Installation  of  bascule-type  crest  gates. 

The  effectiveness  of  these  proposals  on  the  March  1968,  August 
1955  and  standard  project  floods  are  listed  in  tables  16,  17,  and  18, 
respectively.  While  each  modification  had  about  the  same  effect  on 
the  August  1955  and  standard  project  floods,  the  bascule  gate  modi¬ 
fication  was  found  to  be  most  effective  on  the  March  1968  flood 
and  was  therefore  adopted.  Under  this  proposal,  the  crest  of  the 
dam  would  be  lowered  3  feet  to  elevation  21.08  feet  NGVD  and  a  bas¬ 
cule-type  gate,  hinged  at  the  bottom  on  the  modified  crest,  would 
be  installed.  At  flood  stage  the  gates  would  be  automatically 
lowered  to  allow  passage  of  high  flows  and  in  the  closed  position 
would  maintain  the  upstream  pool  at  its  present  elevation.  The 
gates  would  be  constructed  in  two  leafs  88  feet  long  and  operated 
hydraulically  by  level  sensing  equipment  mounted  on  the  westerly 
abutment. 


(3)  Crest  Gates.  The  gates  considered  for  this  modification 
would  be  the  "Pelican1*  style.  The  gates  would  be  two  leafs,  3*0" 
by  88'0",  positioned  on  the  lowered  crest.  The  Pelican  gate  con¬ 
sists  basically  of  a  long  leaf  type  structure  hinged  along  Its 
bottom  edge  and  operated  hydraulically.  The  gate  operation  Is  ac¬ 
tivated  by  a  float  sensor  Installed  on  the  west  abutment  to  measure 
upstream  water  levels.  The  leafs  will  be  3'0"  high  in  order  to  main¬ 
tain  the  original  crest  elevations  (elevation  24.08  msl),  but  when 
activated  will  lower  to  a  fully  open  position  providing  a  modified 
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crest  elevation  of  elevation  21.08  to  pass  large  flows.  Fully 
open,  the  gate  leaf  rests  on  the  dam  crest  and  presents  no  obstacle 
to  the  flow.  As  floodwaters  recede,  the  gates  would  automatically 
raise,  thereby  restoring  the  upstream  storages. 

(4)  Approach  Channel .  The  channel  approaching  the  dam  is 
relatively  uniform  in  width  with  the  bottom  dropping  7  feet  in  approx¬ 
imately  4,000  feet  from  the  Pantex  Dam  to  Old  Slater  Dam.  Leading  to 
the  dam,  the  river  flows  through  the  Central  Avenue  Bridge  and  the 
Exchange  Street  Bridge,  then  turns  sharply,  approximately  45°  to  the 
southwest  as  it  approaches  the  dam.  The  low  chord  elevation  (El.  37.4+ 
msl)  of  the  Central  Avenue  Bridge  obstructs  large  flood  flows.  River 
bank  elevations  vary  with  retaining  wall  structures  or  industrial 
buildings  aligning  both  banks.  Both  upstream  and  downstream  river  beds 
are  ledge  with  little  cover  material  and  adjacent  walls  and  buildings 
are  supported  on  this  ledge.  Approach  velocities  for  the  1955  flood 
flows  range  from  6  to  9  feet  per  second,  under  existing  conditions, 
and  change  little  with  the  dam  crest  modified  to  El.  21.08  msl. 

(5)  Downstream  Channel.  Downstream  from  the  Slater  Mill 
Dam  on  the  east' bank,  the  river  is  confined  by  new  retaining  walls 
for  that  reach  fror;  the  dam  to  Main  Street  bridge.  Top  of  wall 
elevations  average  31.0+  msl.  The  overbank  area  beyond  the  wall 
slopes  steeply  up  to  Broadway  Avenue  with  grades  ranging  from 
elevation  50.0  to  36.0  msl  at  the  bridge.  The  east  abutment  of 
the  bridge  is  founded  on  bedrock  and  constructed  of  granite  block. 

On  the  west  bank,  the  west  abutment  of  the  Slater  Dam  is  an  integral 
part  of  the  end  wall  of  the  Mill  building.  Just  below  the  abutment, 
the  tailrace  from  the  mill  complex  discharges  into  the  river  (now 
inactive).  Top  of  wall  grades  in  this  area  average  26.0+  msl. 

From  this  point,  downstream  to  the  Main  Street  bridge,  the  west 
bank  is  walled  with  top  of  wall  grades  of  31.0+  msl.  Overbank  beyond 
the  wall  is  a  small  grassed  park  area,  with  grades  at  elevation 
28.5+  msl . 

The  channel  bed  below  the  Old  Slater  Dam  is  bedrock  with  little 
overburden.  This  reach  of  the  river  diverges  from  a  width  of  200 
feet  at  Old  Slater  Dam  to  an  effective  width  of  100  feet  at  the 
Main  Street  bridge  and  dam,  a  distance  of  375  feet. 

At  the  Main  Street  Dam,  the  riverbed  drops  from  crest  elevation 
17.0  to  9.0  msl.  The  dam  and  its  abutments  are  constructed  in  bed¬ 
rock  and  tied  integrally  with  the  bridge  above.  Main  Street  bridge 
is  a  two-span  granite-faced  arch  bridge,  with  arches  50  feet  in  width 
and  a  crown  elevation  of  31.20  msl.  From  this  point  downstream,  the 
river  is  tidal . 

(6)  Mater  Surface  Profiles.  Backwater  computations  were 
performed  on  the  Blackstone  River  to  show  the  effect  of  the  proposed 
bascule  gate  modification  at  Old  Slater  Mill  Dam.  Profiles  were  computed 
for  various  floodflows  coincident  with  the  100-vear  tide  elevation,  down¬ 
stream  of  Main  Street  (see  plates  69,  70  and  71).  It  was  determined  that 
for  flows  in  excess  of  30,000  cfs,  the  downstream  hydraulic  control  becomes 
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the  Main  Street  dam  and  bridge,  which  causes  the  existing  Slater  Mill 
Oam  to  become  submerged.  By  lowering  the  crest  of  Slater  Mill  Dam  3 
feet  to  elevation  21.07  feet  NGVD  and  installing  bascule  gates,  sub¬ 
mergence  would  continue  to  occur;  however,  water  surfaces  elevations 
at  the  dam  and  upstream  would  be  lowered  as  indicated  in  table  19. 

TABLE  19 

WATER  SURFACE  ELEVATIONS  -  OLD  SLATER  MILL 


q 

Existing  Crest 
Elevation  24.01 

U/S 

D/S 

1968  - 

16,000 

31.67 

29.66 

20,000 

32.83 

31.52 

25,000 

34.17 

33.66 

1955  - 

26,700 

34.58 

34.37 

30,000 

35.67 

35.67 

Modified  Crest  U/S 

Elevation  21 .07  Differential 


U/S 

d7s 

29.66 

29.66 

2.01 

31.52 

31.52 

1.31 

33.66 

33.66 

.51 

34.37 

34.37 

.21 

35.67 

35.67 

0.00 

In  addition,  table  20  indicates  that  the  modification  to  Old 
Slater  Mill  Dam  would  have  little  effect  on  existing  channel  velocities 
upstream  or  downstream  of  the  dam. 

TABLE  20 


VELOCITIES 


1955  Q  Pantex  Dam  to 

(26,700)  Central  Avenue 


Central  Avenue  to  Exchange  Street 

Exchange  Street  to  Slater  Mill 


Existing  7-9  ft/sec  6-12  ft/sec  6-9  ft/sec 

(24.08) 


Modified  7-9  ft/sec  6-12  ft/sec  6-9  ft/sec 

Dam  (21.08) 


b.  Sayles  Finishing  Dam 

(1)  Description  of  Existing  Dam.  The  Sayles  Finishing  Dam 
(formerly  the  Valley  Falls  or  Samoset  Dam)  built  in  1853-54,  is  a 
masonry  arch  dam  located  on  the  Blackstone  River  approximately  80+ 
feet  downstream  from  the  Broad  Street  bridge  in  Central  Falls,  Rhode 
Island  (see  plate  72).  Field  observations,  as  well  as  reference  plans 
and  records,  indicate  the  dam  to  be  an  arch-gravity  type  construction 
bearing  on  bedrock,  approximately  187  feet  arc  length  with  a  masonry 
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thickness  at  the  crest  of  about  9  feet.  Examination  of  the  abut¬ 
ments  coupled  with  the  shallow  arch  of  the  dam  Indicates  the  structure 
gains  Its  stability  through  Its  mass  gravity  section  rather  than 
transmitting  any  significant  thrust  to  the  abutments.  Records  In¬ 
dicate  the  upstream  face  Is  of  granite.  Upper  portions  of  this 
face  appear  to  be  quarried  cut  stone  in  fixed  courses,  while  lower 
reaches  of  the  dam  are  of  quite  irregular  field  stone.  Appurtenant 
to  the  dam  proper  on  both  banks  upstream,  sluice  gates  were  built 
to  divert  the  Blacks tone's  waters  into  adjacent  mill  complexes.  The 
dam,  and  abutting  property  as  well  as  water  rights,  are  at  present 
part  of  the  estate  of  the  Sayles  family. 

A  condition  survey  to  examine  the  present  state  of  the  existing 
dam  was  beyond  the  scope  of  this  phase  of  the  study;  however,  future 
design  phases  must  Investigate,  In  detail,  the  structural  integrity 
of  the  dam  as  well  as  its  ability  to  sustain  increased  loads  and 
thrusts  from  the  installation  of  crest  gates. 

Channel  improvements  in  the  lower  Blackstone  River  basin  con¬ 
sidered  the  replacement  of  this  dam  with  a  gated  structure. 

(2)  Description  of  the  Proposed  Structure.  It  is  proposed 
to  replace  the  upper  portions  of  this  dam  with  water  control  type 
gates,  such  that  in  the  closed  or  normal  position  the  crest  of  the 
dam  would  reamln  at  its  present  crest  elevation.  During  flood  stages, 
the  gates  would  be  opened,  reducing  the  upstream  water  surfaces. 

The  communities  of  Lincoln,  Cumberland  and  Central  Falls,  in  con¬ 
junction  with  the  State  of  Rhode  Island,  have  proposed  a  conservation- 
recreation  area  for  the  Valley  Falls  Pond  upstream  from  the  dam, 
hence  installation  of  a  gated  dam  would  maintain  present  water  levels, 
reduce  flood  stages,  and  be  consistent  with  this  planning. 

The  crest  of  the  existing  dam  elevation  49.94  msl  would  be 
lowered  to  elevation  42.94,  the  upstream  average  bed  elevation,  and 
hinged  crest  bascule  gates  7  feet  high  installed.  Three  leaf- type 
gates,  60  feet  in  length,  hinged  along  their  bottom  edge  and  operated 
hydraulically  would  be  constructed  on  the  reduced  crest.  The  gate 
would  be  automatically  controlled  by  means  of  a  level  sensing  device 
in  order  to  be  fully  open  as  floodwaters  increase,  but  still  maintain 
upstream  storages  under  nonflooding  conditions. 

(3)  Proposed  Crest  Gate.  For  this  proposed  installation, 
the  crest  gate  would  be  the  "Pelican  Gate"  style  as  manufactured  by 
Allis-Chalmers.  The  gate  would  be  in  three  60'0"  sections  placed 

as  chords  across  the  lowered  crest  of  the  dam  (elevation  42.94). 

The  Pelican  gate  consists  basically  of  a  long,  leaf-type  structure 
hinged  along  its  bottom  edge.  The  hinged  edge  is  attached  to  the 
crest  of  the  dam  and  operated  by  hydraulic  cylinders.  The  gate 
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regulator  is  controlled  by  a  float  actuated  sensing  device  to  position 
the  gate  properly  for  upstream  water  level  conditions.  The  leafs 
will  be  7'0"  high  and  when  closed,  the  original  crest  elevation  of 
49.94  msl  will  be  maintained.  Once  the  hydraulic  head  on  the  dam 
actuates  the  regulator,  the  gates  will  open  incrementally  and  be 
fully  open  for  floodflows  so  that  the  crest  elevation  will  be  42.94. 

In  open  position,  the  gates  lie  flat  on  top  of  the  dam  to  become 
part  of  the  spillway  with  no  obstacle  to  the  passage  of  floodwaters. 

As  floodwaters  recede,  the  gates  are  raised  and  increase  the  effective 
height  of  the  dam.  Controls  for  the  gates  operation  would  be  in¬ 
stalled  in  a  metal  enclosure  on  an  abutment  protected  by  fencing. 

(4)  Approach  Channel.  The  approach  channel  leading  from 
Valley  Falls  Pond  is  approximately  1,300  feet  long  and  relatively 
uniform  in  width  with  a  straight  approach  to  the  dam.  On  the  south 
bank,  the  terrain  is  quite  steep  with  top  of  bank  elevations  of  90.0+ 
with  the  exception  of  that  area  inmediately  upstream  from  the  Broad 
Street  bridge. 

On  the  north  bank,  grades  range  from  elevations  60  to  70.0  msl. 
Upstream  from  the  Broad  Street  bridge  approximately  300+  feet,  the 
Blackstone  Valley  Sewer  Commission  has  a  trunk  sewer  line  crossing 
the  channel.  Leading  from  a  sewer  gaging  chamber  on  the  north  bank, 
two  subaqueous  pipes  (one  18-inch  and  one  24-inch  pipe)  cross  to  the 
south  bank  siphon  outlet  chamber.  Available  plans  indicate  both 
pipelines  lie  2  feet  below  river  bottom  with  their  low  point  at 
approximately  elevation  30+ . 

The  Broad  Street  bridge,  a  granite  faced  3-span  arch  bridge, 
lies  approximately  80+  feet  upstream  from  the  Sayles  Finishing  Dam. 
Field  survey  indicates  the  arches  to  be  62.0+  feet  wide  with  a  crown 
elevation  of  62.0.  Appurtenant  to  the  dam  proper  on  both  banks  up¬ 
stream,  sluice  gates  were  built  to  divert  Blackstone's  waters  into 
adjacent  mill  complexes.  It  appears  that  at  present,  both  gate 
structures  are  slightly  open  to  equalize  hydrostatic  pressure  and 
reduce  the  loads  carried  by  these  structures.  Elevations  of  both 
structures  are  approximately  59. 0+.  At  present,  approach  velocities 
ranging  from  6  to  8  feet  per  second  under  existing  conditions  will 
be  “increased  to  10  to  12  feet  per  second  for  a  flood  equal  in  mag¬ 
nitude  to  the  storm  of  record  (1955)  with  the  lowered  crest  and 
gates  fully  open.  With  no  modifications  to  Sayles  Finishing  Dam, 

Broad  Street  bridge  starts  to  raise  upstream  water  surface  elevations 
above  flows  of  30,000  cfs. 

(5)  Downstream  Channel .  Record  drawings  indicate  that  the 
downstream  face  of  the  dam  varies  in  height  from  10  to  24  feet.  In¬ 
spection  of  the  dam  by  "Jencks  and  Ballou”  in  1952  revealed  two  large 
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"holes"  In  the  river  bed  just  downstream  from  the  dam  and  that 
further  downstream  the  river  bed  was  exposed  bedrock.  The  Providence 
and  Worcester  Railroad  Company  tracks  cross  the  Blackstone  River 
400  feet  below  the  dam.  The  three-span  structure  supports  two  lines 
of  tracks.  The  piers  are  granite-faced  with  the  northerly  pier  on 
the  Island  formed  by  the  north  bank  of  the  main  stream  and  the  northern 
tail  race  while  the  southern  pier  was  constructed  at  the  midpoint  of 
the  river.  Low  chord  elevation  of  the  supporting  plate  girder  is 
62.82. 


(6)  Water  Surface  Profiles.  The  results  of  backwater 
computations  illustrated  in  -'’ables  16,  17,  18  and  21;  and  plates  69, 
70,  and  71,  indicate  that  reducing  the  crest  is  an  effective  means 
of  reducing  upstream  water  surface  elevations  at  the  site.  It  was 
found  that  removal  of  Pantex  Dam  further  downstream  from  the  Sayles 
Dam  has  little  or  no  effect  on  water  surfaces  above  Sayles  Finishing 
Dam.  In  addition,  for  discharges  more  than  30,000  cfs,  the  railroad 
bridge  immediately  downstream  from  the  dam  as  well  as  Broad  Street 
bridge  just  upstream  of  the  dam  affect  the  upstream  water  surface 
elevations  under  the  existing  conditions;  however,  when  the  crest  is 
lowered  by  7.0  feet,  the  hydraulic  controlling  effect  of  these  two 
structures  is  decreased.  With  Sayles  Finishing  Dam  lowered  by  7.0 
feet,  the  comparative  water  surface  elevations  are  listed  in  table  21. 


TABLE  21 

WATER  SURFACES  -  SAYLES  FINISHING  DAM 


Q  in  cfs 


Upstream  Water  Surface 
Existing  Crest 


Upstream  Water  Surface 
7.0  foot  Lower  Crest 


1968  -  16,000  57.81 

1955  -  26,700  60.82 

SPF  -  43,500  64.68 


50.53 

54.81 

59.48 


Replacement  of  the  Sayles  Finishing  Dam  with  a  gated  structure 
will  reduce  the  August  1955  flood  stage  approximately  6  feet  upstream. 

To  protect  all  riverbank  property  upstream,  a  300-foot  dike  would  need 
to  be  constructed  on  the  south  bank  immediately  above  the  Broad  Street 
bridge.  With  a  3-foot  allowance  for  freeboard,  the  top  of  dike  would 
be  at  approximately  elevation  57.5.  Reducing  the  crest  elevation  has 
no  effect  on  downstream  water  surface  elevations,  however  backwater 
computations  for  the  1955  flood  for  the  downstream  reach  between  the 
Provldence-Worcester  railroad  tracks  and  the  Sayles  Dam  indicate  water 
surface  elevations  ranging  from  elevation  51  below  the  bridge  to  elevation 
55  above  the  bridge  to  the  dam.  Existing  bank  elevations  are  approx¬ 
imately  70  on  the  north  bank  along  Mill  Street  and  41  to  45  on  the 
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on  the  south  bank  and  would  require  dike  protection.  Water  surface 
elevations  downstream  are  affected  by  the  restrictions  of  the  rail¬ 
road  bridge  for  flows  greater  than  30,000  cfs. 

(7)  Affected  Bridge  Piers  and  Abutments.  As  mentioned 
previously,  the  Broad  Street  bridge  Is  80  to  100  feet  upstream  from 
the  dam  site.  Plans  and  records  of  its  construction  are  not  avail¬ 
able;  however.  It  appears  to  have  granite-faced  piers  to  an  unknown 
depth.  The  presence  of  rock  outcroppings  in  the  area  would  indicate 
that  the  foundations  are  probably  founded  on  ledge.  Both  abutments 
and  piers  would  need  to  be  protected  from  high  velocity  flows.  Re¬ 
sulting  velocities  from  modifying  Sayles  Finishing  Dam  for  the  1955 
flood  are  approximately  11  feet  per  second  at  the  bridge.  Four 
hundred  feet  downstream  from  Sayles  Finishing  Dam,  the  Providence- 
Wortester  railroad  bridge  piers  and  abutments  would  need  to  be  pro¬ 
tected  from  1955  flood  velocities  of  6  to  7  feet  per  second. 

(8)  Modification  of  Dam  and  Its  Effect  on  Velocities  and 
Scour.  Modification  of  Sayles  Finishing  Company  Dam  has  no  effect 
on  downstream  velocities.  Table  22  indicates  resulting  upstream 
velocities. 

Granite-faced  retaining  walls  protect  the  upstream  banks  from 
scour  in  that  reach  from  the  Sayles  Dam  to  Broad  Street  bridge. 
Unprotected  banks  upstream  from  Broad  Street  bridge  will  have  re¬ 
sulting  velocities  from  the  1955  flood  stages  of  approximately  3.0 
feet  per  second  and  should  not  effect  the  existing  bank  material 
or  the  subaqueous  sewer  crossing. 


TABLE  22 

UPSTREAM  VELOCITIES  (Ft/Sec) 


Event 

1955  Storm  Q  =  26,700  cfs 
1968  Storm  Q  =  14,800  cfs 
SPQ  Q  =  43,100  cfs 


Existing  Modified 


5-7 

11-12 

4-5 

10-13 

4-9 

7-11 

(9)  Impact  on  Existing  Sediments.  No  subsurface  explorations 
were  undertaken  during  this  study  to  ascertain  the  quantity  of  upstream 
sediments  trapped  behind  the  present  dam.  However,  a  "Report  on  the 
Samoset  Dam  of  the  Blackstone  River  at  Broad  Street  Bridge",  by  Jencks 
and  Ballou  in  September  1952,  refers  to  several  photographs  taken  In 
1940,  when  the  upstream  pool  level  was  lowered;  these  show  that  the 
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exposed  upstream  face  of  the  dam  Is  approximately  6  to  9  feet  high 
(vertically)  from  the  then  existing  ground  surface  to  crest.  Levels 
by  Jencks  and  Ballou  at  the  time  of  their  report  (.1952)  were  consistent 
with  these  dimensions,  indicating  little  build-up  of  sediments.  How¬ 
ever,  it  is  believed  that  at  the  time  of  the  construction  of  the  Broad 
Street  bridge  upstream  about  50  or  more  years  after  the  present  dam 
construction  took  place,  some  stone  and  debris  was  deposited  against 
the  upstream  face  of  the  dam.  Undoubtedly  the  present  dam  has  trapped 
some  sediments  against  its  upstream  face,  overlying  this  material. 

Any  construction,  particularly  lowering  of  the  crest,  dewatering  or 
bypassing  flows,  will  release  some  of  these  deposits.  It  can  be 
assumed  that  the  1955  and  1968  floodflows  scoured  upstream  sediments 
from  ponds  (Valley  Falls,  Scotts  and  New  Pond)  as  well  as  upstream 
river  reaches  and  transported  some  of  these  sediments  to  the  Sayles 
Finishing  Dam.  During  the  modifications  of  the  existing  dam,  some 
removal  of  upstream  sediments  must  be  undertaken. 

13.  REMOVAL  OF  PANTEX  DAM 

a.  Description  of  Existing  Dam.  Pantex  dam,  an  "L"-shaped  gravity 
type  structure,  is  located  in  downstown  Pawtucket  on  the  main  stem 

of  the  Blackstone  River,  midway  between  the  Roosevelt  and  Central 
Avenue  bridges.  Its  construction  allowed  the  Blackstone 's  waters  to 
fill  the  headraces  of  the  Pantex  Mill  complex  on  the  west  bank  of  the 
river.  The  dam  at  elevation  34.92  msl  and  with  crest  length  of  238 
feet  is  a  stone  masonry  structure  similar  to  the  Sayles  Finishing 
Company  Dam  and  others  constructed  in  the  1800's.  A  gate  house, 
constructed  on  the  east  bank,  forms  the  east  abutment  of  the  dam. 

At  dam  crest  (which  is  elevation  34.92)  the  downstream  bed  elevation 
is  22.0  msl,  while  upstream  bed  elevations  are  about  27.5+. 

b.  Description  of  Proposed  Structure.  An  analysis  was  made  to 
determine  the  effects  of  removing  the  Pantex  Dam  structure.  Analysis 
indicated  that  lowering  the  crest  elevation  of  Pantex  Dam  greater 
than  7.0  feet  was  noneffective  since  submergence  occurs  and  downstream 
water  surfaces  control  resulting  upstream  water  surface  elevations  at 
that  point.  Hence,  removal  of  the  dam  will  be  considered  to  a  maximum 
of  7.0  feet  only. 

c.  Approach  Channel.  Pantex  Dam  is  located  about  500  feet  down¬ 
stream  from  the  Roosevel t  Avenue  bridge  at  a  sharp  90  degree  bend  In 
the  Blackstone  River.  Above  the  bend  at  the  bridge,  river  widths  are 
approximately  200  feet,  while  at  the  dam  they  are  150  feet.  Above  the 
dam  north  bank  elevations  range  from  50.0  to  60.0  along  Japonica  and 
Middle  Streets,  while  on  the  south  bank,  highest  elevations  are  40.0, 
adjacent  to  the  former  mill  complex.  Roosevelt  Avenue  bridge  is  a 
three-span  granite  arch  structure,  with  spans  approximately  60.0  feet 
in  width  and  crown  elevations  50.15  msl.  The  southernmost  arch  has 
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a  shallow  riverbed  forcing  most  strearoflow  through  the  two  northern 
arches.  Approach  velocities  for  existing  conditions  range  from  7 
to  10  feet/ second,  and  with  the  dam  crest  removed  to  elevation  27.92 
msl,  they  increase  from  7  to  15  feet/second. 

d.  Downstream  Channel.  Below  Pantex  Dam,  the  Blackstone  River 
is  generally  uniform  in  width  downstream  to  the  Slater  Mill  Dam  area, 
a  distance  of  approximately  4,000  feet.  The  riverbed  drops  from 
elevation  22. Q  msl  at  the  downstream  face  of  Pantex  Dam  to  about  15.0 
at  Old  Slater  Mill  Dam,  a  relatively  flat  slope.  Through  this  reach, 
the  river  flows  through  the  Central  Avenue  hridge  in  Central  Falls  and 
further  downstream  the  Exchange  Street  bridge,  in  Pawtucket.  The 
Central  Avenue  bridge  has  two  78-foot  spans  with  a  center  pier  at  the 
midpoint  of  the  river.  The  roadway  has  a  low  chord  elevation  37.35, 
which  obstructs  larger  flood  stage  flows.  The  Exchange  Street  bridge 
is  a  two-span  arch  with  openings  81.0  and  99.0  feet  wide,  respectively. 
Crown  elevations  of  the  arches  are  47.64,  well  above  flood  stage.  The 
east  bank  on  the  river  through  this  reach  averages  elevation  40.0 

msl  with  several  large  manufacturing  plants  abutting  the  river.  On 
the  west  riverbank,  grades  average  elevation  30.0  msl  with  commercial 
and  industrial  properties  fronting  on  the  river's  edge.  Tailwater 
velocities  for  1968  floodflow  magnitudes  remain  unchanged  at  6  to 
8  feet/second,  with  Pantex  Dam  in  place  or  removed.  Flows  equal  in 
magnitude  to  the  1955  storm  generate  tailwater  velocities  of  approx¬ 
imately  7  to  9  feet/second,  with  the  dam  intact  or  removed.  If  the 
Central  Avenue  bridge  were  to  be  raised,  removing  the  downstream 
restriction,  the  velocities  would  increase  to  8  to  10  feet/second. 

e.  Water  Surface  Profiles.  Analysis  of  this  dam  indicates  that 
the  existing  crest  becomes  submerged  at  approximately  40,000  cfs; 
therefore,  it  has  a  direct  influence  on  upstream  water  surface  elevations 
for  lesser  flows  (see  table  23).  Removal  of  more  than  7.0  feet  of 

the  dam  crest  serves  no  purpose,  for  downstream  water  surfaces.  How¬ 
ever,  as  demonstrated  in  table  23,  reductions  of  upstream  water  sur¬ 
faces  from  7.5  feet  for  the  1968  recurring  flood  to  1.27  feet  for  a 
flow  of  35,000  cfs,  respectively,  can  be  achieved  if  the  dam  is  mod¬ 
ified.  In  addition,  loss  of  head  at  the  Central  Avenue  bridge  is 
causing  water  elevations  to  rise  downstream  of  Pantex  Dam. 

Backwater  computations  also  indicate  that  upstream  water  surface 
elevations  are  lowered  by  removal  of  Pantex  Dam  only  in  that  reach  from 
the  dam  to  the  Roosevelt  Avenue  bridge.  Channel  restrictions  below 
the  bridge  tend  to  maintain  high  water  surface  elevations  at  the 
downstream  face  of  Roosevelt  Avenue  bridge  negating  the  effects  of 
removing  Pantex  Dam  (see  table  24). 
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TABLE  23 


WATER  SURFACE  ELEVATIONS  AT  PANTEX  DAM 


Existing  Crest 
(El.  34.92) 

Reduce  Crest 
(El.  27.92) 

Reduce  Crest  to  27.92 
and  Raise  Central  Avenue 

Q  (cfs) 

U7S 

D/S 

DZI— 

Reduct. 

U/S 

Reduct. 

1968-16,000 

42.52 

35.02 

35.52 

-7.00 

35.02 

-7.50 

20,000 

43.78 

36.56 

36.56 

-7.22 

36.36 

-7.42 

25,000 

45.02 

40.29 

40.29 

-4.73 

38.37 

-6.65 

1955-26,700 

45.43 

41.23 

41.23 

-4.20 

38.99 

-6.44 

30,000 

46.24 

43.24 

43.24 

-3.00 

40.32 

-5.92 

35,000 

47.38 

46.11 

46.11 

-1.27 

42.19 

-5.17 

40,000 

48.72 

48.72 

48.72 

0 

43.95 

-4.77 

SPF  -43,500 

51.68 

51.68 

51.68 

0 

46.75 

-4.93 

TABLE  24 

WATER  SURFACE  ELEVATIONS  U/S  OF  PANTEX  DAM 


(Existing) 

Removed 

Removed  (Pantex  Dam) 

Roosevel t 

Pantex  Dam 

(Pantex  Dam) 

Raised  Central  Ave. 

Avenue  Bridge 

Q(cfs) 

071 

- DZI - 

U/S 

M — 

U/S 

1968 

42.52 

43.45 

43.48 

1968 

35.52 

43.37 

43.41 

1968 

35.52 

Not  effective 

— 

1955 

45.43 

46.65 

46.75 

1955 

41.23 

45.46 

45.58 

1955 

41.23 

38.99 

46.87 

46.97 

SPF 

51.68 

51.85 

55.02 

SPF 

51.68 

51.85 

55.02 

SPF 

51.68 

46.75 

49.10 

49.40 

Table  24  also  Indicates  the  results  achieved  in  the  reduction  of 
water  surface  elevations  for  removal  of  Pantex  Dam  and  removal  of  Pantex 
Dam  in  conjunction  with  the  raising  of  the  roadway  deck  of  the  Central 
Avenue  Bridge  above  the  anticipated  water  surfaces. 
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i  f.  Affected  Bridge  Piers  and  Abutments.  Using  the  August  1955 

storm  of  record  as  the  design  storm,  existing  channel  velocities  at 
j  Roosevelt  Avenue  bridge  of  7  feet/second  occurred  with  the  dam  in 

|  place  or  removed.  With  Central  Avenue  bridge  raised  above  the  flood- 

!  way  and  the  Pantex  Dam  modified,  channel  velocities  remain  at  7  feet / 

i  second. 

I 

I 

g.  Impact  on  Existing  Sediments.  Field  survey  indicates  that 
riverbed  elevations  immediately  upstream  from  the  dam  average  27. 0+. 
With  removal  of  the  upper  portions  of  the  dam  to  elevation  27.92+, 
sediments  transported  to  and  deposited  against  the  upstream  face 
should  not  move.  However,  with  the  modification  to  the  dam  crest 
elevations,  velocities  will  increase  from  10  to  15  feet/second  and 
upper  layers  of  the  trapped  sediments  will  be  scoured  away. 
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NOTES: 

1.  INFLOW  ADJUSTED  FOR  PRECIPITATION 
AND  EVAPORATION. 

2.  YEILD  1 
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NDICATED  ON  MASS  CURVE  IN¬ 
SEEPAGE  LOSSES  AND  FLOW 
TATION  REQUIREMENTS. 
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TIME  IN  HOURS 

INFLOW  VOLUME-  DURATION  CURVES 


I  ■  PUMP  CAPACITY  OF  530  CFS  (100-YR  FREQUENCY 
STORM  RUNOFF  WITH  NO  INTERIOR  PONDING) 

I  ■  ADOPTED  PUMP  CAPACITY  OF  180  CFS  (  3-  YR 

FREOUENCY  STORM  RUNOFF  WITH  10  ACRE-  FEET 
PONDING) 

m  •  PUMP  CAPACITY  OF  130  CFS  (2-YR  FREQUENCY 
STORM  RUNOFF  WITH  10  ACRE-FEET  PONDING) 
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